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CONDITIONED FEAR AS REVEALED BY MAGNITUDE OF 
STARTLE RESPONSE TO AN AUDITORY STIMULUS! 


BY JUDSON S. BROWN, HARRY I. KALISH, AND I. E. FARBER 
State University of Iowa 


During recent years considerable 
emphasis has been placed upon the 
importance of fear or anxiety as a de- 
terminant of behavior. According to 
one interpretation (12, 13), fear is a 
conditioned, anticipatory response to 
impending painful stimulation. This 
response, it is further assumed, func- 
tions as a secondary motivational sys- 
tem and should exhibit, therefore, 
certain of the major properties com- 
monly ascribed to primary drive states. 
In particular, (1) fear should act to 
intensify other response tendencies 
during the period of its evocation, and 
(2) it should, if reduced in strength 
following a response, function as a rein- 
forcing event leading to the strength- 
ening of that response. 

In experimental studies designed to 
explore this conception, the resulting 
conclusions have been based almost 
entirely upon demonstrations of the 
reinforcing properties of fear reduc- 
tion (2, 4, 9, 11, 14). Typically, the 
procedures have been of the following 
general sort. A period of training is 


1 This study was supported in part by a re- 
search grant from the United States Public 
Health Service covering Research Project MH- 
142C, entitled Anxiety and Frustration in Human 
and Animal Behavior. 


first introduced during which a neutral 
stimulus (or stimuli) is paired with a 
noxious one (usually electric shock). 
The noxious stimulus is presumed to 
act as a UCS eliciting a pain reaction, 
and the neutral one is assumed to 
become the CS. Following the initial 
training trials, the animal is presented 
with the CS alone. On the basis of 
the foregoing assumptions, any re- 
sponse that occurs during the presen- 
tation of the CS should be strength- 
ened if it is followed closely by the 
elimination or diminution of the con- 
ditioned (fear-arousing) stimulus. The 
presence of fear under these conditions 
is demonstrated by the fact that new 
responses are learned, and by the fact 
that old responses (those occurring 
during the conditioning trials) may 
show extreme persistence (4) despite 
the absence of primary reinforcement. 

Although the successful clarification 
of a number of problems has resulted 
from the use of this fear-reduction 
method, it suffers from several prac- 
tical disadvantages. For instance, it 
is impossible by means of this proce- 
dure to determine the latency with 
which the fear response is aroused fol- 
lowing the onset of the CS, or to deter- 
mine the course of its development 
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during the time the CS is acting. 
Furthermore, the testing trials, during 
which the UCS is omitted, may con- 
stitute extinction trials insofar as fear 
is concerned. If the response to be 
learned is low in initial relative 
strength, the fear may extinguish be- 
fore the reaction has occurred fre- 
quently enough to become learned. 
And finally, if the conditions of the 
testing situation differ markedly from 
those obtaining during the condition- 
ing trials, the animals may learn rather 
quickly to differentiate between the 
conditioning and test trials, i.e., fear 
may not be elicited in the test situation. 
This could occur either because the 
cues present during testing are in- 
adequate to arouse fear or because they 
elicit responses that inhibit fear. 

In view of these limitations of the 
fear-reduction method, it has appeared 
desirable to explore other procedures. 
The present paper reports one such 
method that appears to hold consider- 
able promise for future investigations 
in the area of fear in particular and in 
the field of conditioning in general. 
This method is based upon the pre- 
sumed intensifying or motivating prop- 
erties of fear rather than upon its rein- 
forcing properties. 

On the assumption that fear has 
drive properties, it follows within the 
framework of Hull’s theory (5) that 
stimulus-response tendencies should 
be enhanced by its presence. It is im- 
material whether such tendencies are 
the result of previous learning or 
whether they are innate. In theory, 
if the response being measured is high- 
est in the animal’s repertoire (includ- 
ing responses that may accompany 
fear), that response will occur more 
frequently and will have a greater 
amplitude and shorter latency when 
fear is present than when it is not. 
Furthermore, the stronger the fear, 
the more marked should be its effect 
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upon these measurable features of the 
response.” 

In the present study, the response 
selected for measurement was the 
startle reaction of rats to an explosive 
auditory stimulus. One of the orig- 
inal bases for choosing the startle 
response was the frequently heard 
clinical observation that anxious pa- 
tients exhibit exaggerated startle reac- 
tions to sudden loud sounds. It does 
not follow from this alone, of course, 
that rats will necessarily behave like 
clinical patients; but if fear has moti- 
vational properties in patients as well 
as in rats, the theory would predict 
that both would show magnified startle 
responses when anxious. 

In general, the present method in- 
volved the use of a stabilimeter-like 
apparatus capable of recording the 
magnitude of a rat’s jump to a loud 
sound. In order to demonstrate the 
utility of the technique, rats were given 
a series of trials designed to condition 
the fear reaction, with interspersed 
test trials to measure the startle 
response. The training trials were 
followed by three series of extinction 
trials. As will be shown below, the 
startle response was found to increase 
as a function of the number of fear- 
conditioning trials, to undergo pro- 
gressive diminution (extinction) when 


2 It should be noted that these statements are 
not inconsistent with the observation that an 
increase in drive does not lead to the indiscrim- 
inate strengthening of every response. One must 
consider the nature of the responses that are 
elicited by the stimuli associated with the drive 
itself. For instance, Estes and Skinner (3) have 
shown that the presence of fear may inhibit bar- 
pressing, and Miller, Brown, and Lipofsky (cited 
in 10) have shown that under properconditions, in- 
creasing fear strengthens overt avoidance but not 
approach, whereas increasing hunger strengthens 
approach but not avoidance. It is only when 
the drive stimuli do not themselves elicit com- 
peting response tendencies that an increase in 
drive will lead to an intensification of the overt 
responses ordinarily elicited in a given situation. 
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the UCS was omitted, and to exhibit 
spontaneous recovery from extinction 
after an interval of 24 hr. 


APPARATUS 


The apparatus used in recording the startle 
reactions of the rats was a modified version of a 
rat stabilimeter previously employed by one of 
the present authors (1). A schematic drawing of 
this device is reproduced in Fig. 1. The basic 
sensing element was a postage scale (Hanson, 
Model 1509, 5-lb. capacity) from which the plat- 
form, the calibrated dial with its protective glass, 
and the pointer had been removed. A new plat- 
form, 2.75 in. wide and 7.5 in. long, made of .25- 
in. plywood, was attached to the scale. A grid, 
constructed of brass welding rods (.094-in. diam- 
eter) spaced at .437-in. intervals in bakelite sup- 
porting strips, was secured to the platform. A 
space of .5 in. was provided under the grid to 
reduce the possibility of its being shorted by feces 
or urine. 

Surmounting the grid was a detachable, bot- 
tomless confinement box (2.37 in. wide, 7.37 in. 
long, 5.5 in. high, inside dimensions). The top 
and front side were formed of thin Plexiglass, and 
the two ends and the other side were of thin ply- 
wood. The box, the mounting platform with its 
supporting rod, and the grid weighed a total of 
487 gm. When a rat was placed on the grid and 
the confinement box fastened down around it, 
any loud sharp sound would produce a startle 
reaction that would cause the platform to be 
momentarily depressed below its normal position. 
These downward movements of the platform 
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3. 1. Schematic drawing of apparatus for 
measuring magnitude of startle responses in rats 
to sudden loud sounds. 


319 


were transmitted by means of a thread to an ink- 
writing muscle lever whose deflections were re- 
corded on a 5-in. tape moving at .53 in. per sec. 
Prolonged oscillations of the system were pre- 
vented by a damping device consisting of a 
plunger in an oil-filled cylinder. Following an 
abrupt, extreme displacement, the system would 
come to rest in two or three cycles. Downward 
movements of the platform were amplified ap- 
proximately 16 times, on the average, by the 
muscle lever which measured 4.53 in. from pivot 
point to writing tip. The maximum angular 
deviation of the lever permissible with the 5-in. 
polygraph was about 31°, which yielded a deflec- 
tion on the record of 2.36 in. No attempt was 
made in reading the records to correct for the arc 
distortion of the stylus or for the nonlinearity 
introduced at the point where the recording thread 
was coupled to the stylus. Dynamic tests of 
over-all reactions of the system to suddenly im- 
posed forces were made by dropping a 50-gm. 
bag of steel shot from various distances upon the 
top of the confinement box. On these tests, the 
platform was loaded with 310 gm. (the mean 
weight of all rats used in the experiment). These 
measurements revealed that the relation between 
the deflection of the recording pen and the fall of 
the 50-gm. weight was roughly linear within a 
height-of-fall range of 15 to 200 mm., correspond- 
ing to a pen-deflection range of 17 to 50 mm. 
Above and below these limits, the departures 
from linearity were rather marked. 

The presentation of the CS and UCS was con- 
trolled automatically by a group of decade-type, 
electronic interval-timers (6). The CS consisted 
of the simultaneous activation of a buzzer (Ed- 
wards, Model 1872, operated on 6 v. a.c., situated 
about 2.5 ft. from the confinement box) and a 
light (60-w. frosted lamp, 6 in. in front of the 
transparent side of the confinement box). The 
UCS for the fear reaction was a 60-cycle shock of 
either 70 or 80 v. (see footnote 3) applied to the 
grid through a series resistance of 330,000 ohms. 
The startle stimulus was produced by a toy pistol 
(Super Nu-Matic Paper Buster Gun) held about 
2 ft. from the confinement box. The sound 
resulting from the “firing” of this gun, which 
reached the rat primarily through a number of 
holes drilled in the top of the box, was sufficiently 
loud and sharp to produce a marked startle reac- 
tion, yet not so loud as to require the use of a 
sound-shielded room. Although the gun was 
fired manually rather than automatically, the 
timing error thus introduced was quite small 
(estimated maximum deviation +.25 sec.). The 
E was well practiced and timed his reactions by 
means of a clock hand making one complete rev- 
olution in 10 sec. The exact time at which the 
startle stimulus occurred was registered on the 
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record by an electromagnetic signal marker. 
This marker was connected to the output of an 
amplifier which was activated in turn by a micro- 
phone placed near the toy pistol. 


PROCEDURE AND SUBJECTS 


In broad outline, the experimental procedure 
described below was designed to develop a condi- 
tioned fear reaction in an experimental group of 
animals and to make it possible to determine 
whether the presence and magnitude of this anxi- 
ety state could be inferred from changes in the 
strength of a startle reaction which was itself never 
conditioned during the experiment. 

Initial tests.—Since there appeared to be some 
possibility that magnitude of startle might be 
significantly related to body weight, each S was 
given an initial series of five presentations of the 
startle stimulus alone on the day preceding the 
actual emotional conditioning. The product- 
moment correlation between mean amplitude of 
startle on these initial tests and body weight was 
found to be .20 (N = 30) for a weight range of 
232 to 368 gm. It was concluded, therefore, that 
body weight, as a significant variable, could be 
largely ignored. The variability of the uncon- 
ditioned reactions to the sound was rather large, 
however, and it was decided to match the mem- 
bers of the experimental and control groups on the 
basis of these initial tests of reaction amplitude. 

Conditioning and testing procedure.—On each 
of the four days following the initial test day Ss 
of the experimental group were given a series of 
10 trials, seven of which were conditioning trials. 
On all conditioning trials, the light-buzzer CS 
was presented for 5 sec., with the UCS (shock) 
being presented for the last 2 sec. of this period.? 
This procedure was based on the assumption that 
the pairing of the light-buzzer combination and 
shock (even though no overt response was syste- 
matically reinforced) would lead to the arousal of 
an anticipatory fear reaction which would reach 
its greatest intensity at about the time the shock 
was normally applied. The other three trials 
(trials 4, 7, and 10) were tests on which the CS 
was presented as usual but with the startle stim- 
ulus introduced 3 sec. after the onset of the CS 
in place of the shock. The heights of all jumps to 


3 The strength of shock given each S was either 
70 or 80 v., depending upon its degree of sensi- 
tivity. Rough determinations of the reactivity 
level of all Ss were made on the initial test day 
following the five startle trials. The assignment 
of shock voltages was based upon visual inspec- 
tions of the average amplitude of activity trac- 
ings provided by the recording system when 
shock was applied. The number of Ss receiving 
the 80-v. shock was the same in both groups. 
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these startle stimuli were recorded. These test 
trials were, of course, the critical trials introduced 
to determine the possible facilitative effect of 
fear upon startle. Successive trials on any one 
day were administered at intervals ranging from 
20 to 40 sec., the average intertrial interval being 
about 30 sec. 

The control Ss were given the same number 
of trials, at the same rate, as were the experi- 
mental Ss. For the controls, however, the CS 
and UCS were never presented simultaneously. 
On alternate trials, the UCS (duration, 2 sec.) 
either preceded the CS by 3 sec. or followed the 
CS by 3 sec. By this procedure, the control Ss 
received exactly the same number of presenta- 
tions of the light-buzzer and the same number of 
shocks as did the experimentals. This served to 
control for possible changes in magnitude of 
startle attributable to pseudo-conditioning. The 
controls, like the experimentals, were given three 
startle tests on the fourth, seventh and tenth pre- 
sentations of the CS for any one day. The gun 
was fired 3 sec. after the onset of the light-buzzer 
stimulus in order to duplicate exactly the tests 
given the experimental animals. 

Extinction trials—On the day following the 
completion of the conditioning trials, all Ss were 
first given two paired (or unpaired, in the case of 
the controls) presentations of light-buzzer and 
shock, followed immediately by 12 nonreinforced 
presentations of the light and buzzer. On each of 
these extinction trials, the startle stimulus was 
presented at the usual time, i.e., 3 sec. after the 
onset of light and buzzer. Startle responses were 
recorded on each trial. The mean intertrial in- 
terval was again about 30 sec. Two additional 
series of extinction trials were given on the next 
two days in exactly the same manner, with the 
single exception that no more shocks were given 
the members of either group. 

Subjects—Thirty hooded, male rats, divided 
into two equal groups, were used. Their ages 
ranged from 90 to 120 days, and all had been 
previously used in a bar-pressing experiment 
which did not involve shock. 


RESULTS 


Acquisition.—The results obtained 
from measurements of startle-response 
amplitude on each of the four condi- 
tioning days and on the preceding 
“matching” day are presented in 


Table I. The S’s scores for the four 
conditioning days were means of the 
startle responses elicited on the three 
test trials of each day. The values 
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TABLE I 


Macnirupes or STaRTLE RESPONSES ON A PRE- 
test Day Usep ror Matcuinc Groups AND 
on Four Succeepinc Days Durinc 
Wuaicn Expermentat Ss WERE 
ConDITIONED 








Successive 
Measure|Matching| C°Mditioning Days 
in mm. | Pretest 








M 
Experi- | Mdn 
mental SD 





M 
Mdn 
SD 


Control 























listed in the “Matching Pretest”’ col- 
umn were computed for the experi- 
mental and control groups after match- 
ing on the basis of the initial day’s 
tests. These values were included in 
the table to indicate the approximate 
magnitude of the startle response prior 
to the conditioning of the emotional 
reaction.‘ 

From an inspection of the tabulated 
values and of the graphic plot of the 
medians in Fig. 2, it will be seen that 
the experimental Ss showed a marked 


‘This measure of “zero conditioning” is not, 
it is recognized, entirely adequate since it was 
obtained from reactions to sound alone. A more 
appropriate measure would have been magnitude 
of startle response to sound plus light and buzzer. 
Thus it is possible that the presence of the light 
and buzzer might have some inherent dynamo- 
genic effect upon startle and that our zero point 
is therefore spuriously low. We would reject 
this possibility, however, on the grounds that the 
control group’s scores for successive days (espe- 
cially the medians) do not deviate markedly from 
those of the matching day in spite of the addi- 
tional facilitative effect that could have been 
produced by the residual emotional effects of 
shock at the time the sound was given. In any 
event, it is obvious that the experimental and 
control groups were highly similar in terms of 
their startle responses prior to tra.ning, and it is 
doubtful that the addition of the light and buzzer 
would have had a differential effect upon their 
reactions. 
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increase in magnitude of startle re- 
sponse as a result of the anxiety- 
conditioning trials. By contrast, the 
responses of the control Ss appeared 
to show no such system. .c change in 
magnitude, the mean for the last day 
of training being almost identical with 
that obtained on the initial test day. 
The net over-all increase in mean re- 
sponse magnitude between the pretest 
day (Day 0) and Day 4 shown by the 
experimental group as compared with 
the controls is highly significant 
(¢ = 3.3, df = 14, p = <.01). The 
tentative conclusion may be drawn, 
therefore, that the paired presentation 
of the CS and the shock led to the 
development of a conditioned fear state 
that functioned to facilitate the Ss’ 
startle reactions to the sound. 

In addition to the gross finding that 
magnitude of startle was intensified by 
fear, it is also apparent that the pro- 
cess of intensification was, within lim- 
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Fic. 2. Curves showing the differential facili- 
tative effect of fear conditioning upon magnitude 
of startle response to an explosive sound. The 
training procedure was designed to induce a state 
of fear in the experimental animals but not in the 


controls. The values plotted at the zero point 
on the abscissa were obtained{from measure- 
ments of startle on the day prior,to the initiation 
of training. 
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its, a progressive one. The curve of 
median values, plotted in Fig. 2, 
resembles rather closely more conven- 
tional negatively accelerated curves of 
conditioning. It is also evident, how- 
ever, that the growth of fear is an 
extremely rapid process when com- 
pared with the speed of acquisition of 
a skeletal response in a classical condi- 
tioning situation. From our data, it 
would appear that the reaction was 
quite strongly conditioned by the end 
of the first day. This observation 
regarding the rapidity of emotional 
conditioning is further supported by 
the finding that on the initial startle 
trial of Day 1, given after only three 
paired presentations of light-buzzer 
and shock, the experimental group 
showed a mean startle response of 21.7 
mm., whereas the comparable mean 
for the controls was only 8.5 mm. It 
is conceivable, therefore, that if a large 
number of Ss were run so as to stabil- 
ize plots of reactions on individual test 
trials, the curve reflecting the acqui- 
sition of fear in this situation would 
exhibit an even more precipitous rise 
than that suggested by Fig. 2. 
Qualitative observations of the be- 
havior of the Ss during the condition- 
ing series revealed that their reactions 
to the CS resembled somewhat those 


reported by Upton (16) for guinea pigs 
and by Wever (17) for cats. In the 
case of the experimental rats, it was 
noted that quite early in the condi- 
tioning series the onset of the CS was 
often followed by a marked reduction 
in general activity level accompanied 
by rapid, shallow breathing reminis- 
cent of the “flutter phenomenon.” 
The controls, on the other hand, were 
more prone to exhibit this behavior 
during the interval following the cessa- 
tion of the CS. For them, it appeared 
as if the termination rather than the 
onset of the CS had become the critical 
environmental change arousing fear. 
This observation is supported in part 
by additional data included in the 
Discussion. 

Extinction.—On the assumption that 
the data obtained during the acquisi- 
tion trials reflected the growth of a 
conditioned fear reaction, it appeared 
reasonable to expect that with the 
omission of shock, the reaction would 
show such additional phenomena of 
classical conditioning as extinction and 
spontaneous recovery. In order to 
examine this possibility, three days of 
extinction trials were introduced fol- 
lowing the acquisition series. The 
descriptive statistics obtained from 
the extinction-trial data are presented 


TABLE II 


Macnituves or StarTLeE Responses For Successive Buiocxs oF Turee Triats Durinc 
Eacu or Turee Days or Extinction TRIALS 








Successive Blocks of Three Extinction Trials Each 
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Experi- 
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SUCCESSIVE BLOCKS OF THREE WONREINFORCED TRIALS 


Fic. 3. Magnitude of startle responses exhibited by the experimental (fearful) and control (non- 
fearful) groups on three successive days during which the previously conditioned, fear-arousing 
stimulus was repeatedly presented without being followed by the unconditioned stimulus of electric 


shock 


in Table II. These values were com- 


puted from distributions of individual 
scores, each of which was a mean of 
three successive extinction trials. A 
plot of the median values from the 


table is provided in Fig. 3 to facilitate 
visual inspection. 

It will be seen from the first day’s 
data that the vigor of the startle reac- 
tion exhibited by the experimental Ss 
underwent a progressive decline as a 
function of the number of nonrein- 
forced trials. The control Ss also 
showed a slight decrement in response 
strength which could have been due to 
adaptation, or to the extinction of a 
small amount of anxiety, or to both. 
Negative adaptation could also, of 
course, have been a factor contribut- 
ing to the fall in the experimental- 
group curve. The difference between 
the means for the experimental group 
on the first and fourth blocks of trials 
was highly significant (¢ = 3.13, df = 
14, p = <.01). Since the controls 
also showed a slight drop, the net de- 
crease for the experimental group rela- 
tive to the controls was of course 
reduced, and was found to be signifi- 


cant at about the .10>p>.05 level of 
confidence. It seems reasonable to in- 
fer from this evidence, then, that the 
fear which was presumably responsible 
for the intensification of the startle 
response, declined in strength as the 
result of the operation of omitting the 
shock. 

From the experimental-group data 
of the second extinction day it is evi- 
dent that the 24-hr. interval separat- 
ing the fourth and fifth blocks of trials 
led to the spontaneous recovery of the 
startle response and hence, by infer- 
ence, to the recovery of the extin- 
guished fear response. The means for 
the control Ss, by contrast, showed a 
decrement rather than an increase, 
with the medians showing no appreci- 
able change. A statistical evaluation 
of the net mean change from Blocks 
4 to 5 for the experimental versus the 
control Ss yielded a t of 2.00, with a p 
between .05 and .06. This suggestive 
evidence for the differential effects of 
the passage of time upon the responses 
of the two groups is in accord with the 
notion that fear, as reflected by startle 
responses, is a conditionable state or 
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response having functional properties 
in common with other conditionable 
reactions. 

With further nonreinforced trials on 
the second day, the indicator reaction 
for the experimental group again de- 
clined in much the same manner as on 
Day.1. Spontaneous recovery, though 
in reduced amount as would be expect- 
ed from other conditioning data, was 
again shown by the experimental 
group at the start of Day 3. This find- 
ing tends to support the conclusion 
that the spontaneous recovery of the 
second day was a genuine phenom- 
enon, but it should be noted that the 
means (though not the medians) for 
the control group were also greater at 
the start of Day 3 than at the end of 
Day 2. No clear indication of the 
occurrence of further progressive ex- 
tinction was provided by the third 
day’s data. 


Discussion 


The results of the present experi- 


ment have provided additional support 
for the supposition that the paired pre- 
sentation of a neutral and a noxious 
stimulus results in the acquisition, by 
the neutral stimulus, of the capacity 
to elicit an emotional response of fear 


or anxiety. That this conditioned 
fear state appears to possess motivat- 
ing or energizing properties akin to 
those of primary drives is suggested 
by the finding that at the time fear 
was presumably aroused, the innate 
startle responses of rats to a loud sound 
were considerably intensified. More- 
over, since the degree of intensification 
of startle varied concomitantly with 
operations known to affect strength of 
conditioning, and since the startle re- 
action was itself never directly condi- 


5 This statement involves no implicit hypothe- 
ses as to the basic conditions for this acquisition. 
It in no way implies, for example, that the mere 
contiguity of "he two stimuli is regarded as suffi- 
cient for the learning of the emotional reaction. 
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tioned, it may be assumed that the 
effect of these operations was to change 
the degree of fear. Thus it can be 
inferred that fear was increasing pro- 
gressively with number of conditioning 
trials, that it was being extinguished, 
and that it had spontaneously recov- 
ered, from the observation that these 
classical conditioned-response proper- 
ties were exhibited by the noncondi- 
tioned startle reaction. 

Although the startle response has 
been termed nonconditioned through- 
out this study, the fact that this reac- 
tion can be conditioned (7, 8) makes it 
necessary to consider the possibility 
that the obtained results could be at- 
tributed to learned modifications of 
the startle tendency instead of to the 
energizing property of fear. In the 
present experiment, the jump response 
was elicited on 12 occasions (three 
times on each of four training days) in 
the presence of the CS, and it would 
be on these trials, therefore, that direct 
conditioning of startle might have 
taken place. Thus it might be sup- 
posed that the response was condi- 
tioned through the action of sheer con- 
tiguity of stimulus and response or 
because of the reinforcement provided 
by the offset of the sound stimulus. 
Although this is a logical possibility, 
it does not provide an acceptable ex- 
planation of the differences between 
the experimental and control groups. 
Inasmuch as both groups were given 
precisely the same number and kind of 
test trials, they had exactly the same 
opportunity for the startle to become 
conditioned in the suggested manner. 

An alternative and more plausible 
hypothesis is that the tendency to 
jump to the shot in the presence of the 
light and buzzer was increased because 
of the reinforcing effect of fear reduction 
attending the cessation of the CS, 
rather than the energizing effect of the 
anxiety elicited by the CS. The fact 
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that the responses of the controls 
showed no significant increase is per- 
fectly compatible with this proposal 
since, for them, the CS should have led 
to little or no anxiety as compared with 
the experimentals. Although this hy- 
pothesis differs from the major one of 
the present paper, it leads to precisely 
the same conclusions with respect to 
the growth and decay of fear. 

Evidence can be cited, however, 
which favors the conclusion that the 
major determinant of the increase in 
startle was the dynamogenic rather 
than the reinforcing action of fear. 
Thus it may be recalled that the aver- 
age jump of the experimental Ss to the 
first presentation of the startle stim- 
ulus, introduced after three condition- 
ing trials, was 21.7 mm., almost twice 
as large as the mean response of the 
same Ss on the matching trials of the 
previous day. Since the startle stim- 
ulus had not, prior to this first test, 
been followed by fear reduction, it 
appears unlikely that this marked in- 
crease in strength could have been due 
to a learned modification of the startle 
tendency. We conclude, therefore, 
that although the possible role of fear 
reduction cannot, and should not, be 
completely dismissed, a more defensi- 
ble hypothesis is that the observed 
effects were primarily due to the ener- 
gizing function of fear. 

A still further interpretation of the 
present findings might rest upon the 
possibility that the experimental Ss, 
but not the controls, were learning to 
adopt a specific posture in response to 
the CS. If this were the case, it is 
conceivable that the enhancement of 
the startle to the shot could be ex- 
plained in terms of the sheer “me- 
chanical advantage” provided by the 
learned postural adjustment. Succes- 
sive changes in the posture, and hence 
in its capacity to facilitate jumping, 
would be presumed to have taken place 
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during the training and extinction 
trials. Since no precise records were 
made of the animals’ postural or gross 
muscular adjustments to the light and 
buzzer, it is possible that such adjust- 
ments could have occurred. 

With respect to this hypothesis, it 
may be noted initially that fear has 
been defined simply as a conditioned 
anticipatory response to impending 
painful stimulation. This response, 
or response pattern, may be assumed 
to produce intense stimulation, and 
thereby, a state or process having cer- 
tain of the properties of primary drives. 
In this formulation no attempt has 
been made to specify whether the an- 
ticipatory responses need be central or 
peripheral, skeletal or visceral. Nor 
have any assumptions been made as to 
whether the physical mechanisms 
underlying the intensifying function of 
fear are hormonal, neural, or mechan- 
ical. The basic hypothesis that fear 
acts as an energizer would not, there- 
fore, be invalidated by the observation 
that postural adjustments were pres- 
ent or by the finding that these adjust- 
ments were facilitative in a purely 
mechanical fashion. 

It should be observed, however, that 
perhaps not all responses elicited by 
the cues associated with a noxious 
stimulus should be considered as fear 
reactions. Some of these anticipatory 
responses may produce little stimula- 
tion and therefore have little or no 
drive value, and it is conceivable that 
some conditioned postural adjustments 
are of this sort. It is important to 
note that if the intensification of star- 
tle is due solely to the mechanical 
advantage inhering in such postures 
then the range of responses susceptible 
to enhancement as a result of this reac- 
tion is probably severely restricted. 
Response patterns having motivational 
properties are usually assumed to have 
the capacity of intensifying a rather 
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wide variety of reactions. It is doubt- 
ful that there would be much utility in 
ascribing drive characteristics to a 
response if its intensifying action were 
limited to a single other reaction. 
Whether the anticipatory responses in 
the present situation have such re- 
stricted effects is, of course, a question 
that must be answered by further in- 
vestigation. 

It may be recalled that one of the 
rather casual observations of the pres- 
ent study was that the going-off of the 
CS rather than its onset appeared to 
be the critical fear-arousing event for 
the Ss of the control group. Quanti- 
tative data supporting this supposition 
were obtained from eight Ss following 
the completion of the main experiment. 
In this exploratory study, four rats 
from each of the original experimental 
and control groups were given ten 
reconditioning trials on each of two 
successive days. The procedure was 
identical with that of the principal 
study except for the startle test trials. 
On these trials, the startle stimulus 
was presented 3 sec. after the termina- 
tion of the CS instead of 3 sec. after 
its onset, as had previously been the 
case. On the assumption that fear 
should have been greatest at about the 
time the shock was normally received, 
it follows that 3 sec. after the termi- 
nation of the CS, the controls, that 
were shocked on alternate trials at 
that time, should have had a higher 
degree of fear than the experimentals. 
That this was apparently the case is 
indicated by the fact that the mean 
response of the controls on the six test 
trials of the two days was 13.9 mm., as 
compared to a mean of 6.9 mm. for the 
experimental Ss. 

Although this reversal in the relative 
response strengths of the two groups 
is reasonably striking, the finding must 
be regarded as quite tentative. It 
may be remarked, incidentally, that 


J. S. BROWN, H. I. KALISH, AND I. E. FARBER 


the ease with which it was possible to 
make this additional observation would 
appear to constitute one of the major 
advantages of the present method. To 
have attempted to demonstrate the 
fear-arousing properties of the cessa- 
tion of a stimulus by methods in- 
volving reinforcement through fear 
reduction would have been far more 
laborious. 

Finally, it should be pointed out 
that the present experiment is to a 
certain degree similar to the “‘sensi- 
tization” study of Prosser and Hunter 
(15). They observed that a weak 
auditory stimulus originally incapable 
of eliciting a startle response of the 
gastrocnemious muscle of the rat 
would acquire the capacity to do so 
after it had been paired with shock. 
Their conclusion that excitability is 
increased by shock and therefore facil- 
itates startle is consistent with our 
findings that startle is intensified by 
fear. In their experiment, however, 
no obvious additional stimulus cap- 
able of arousing a conditioned fear 
state preceded the weaksound. Hence, 
it seems likely that their observed sen- 
sitization was due to the effects of 
residual excitement from preceding 
shocks rather than to a conditioned ex- 
citement as in the present experiment. 


SUMMARY AND CONCLUSIONS 


1. Previous experimental demon- 
strations of the motivational aspects 
of fear or anxiety as a determinant of 
behavior have been based primarily 
upon the reinforcing property of fear 
reduction. Although this approach 
has been quite successful, a number of 
practical disadvantages can be dis- 
cerned in the method. The present 
paper describes an alternative method 
of studying fear, which rests upon 
assumptions concerning the energizing 
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rather than the reinforcing properties 
of fear. 

2. Rats were placed in a stabili- 
meter-like device and given a series of 
training trials, each of which consisted 
in the presentation of a neutral stini- 
ulus and a shock. For an experimen- 
tal group, the two stimuli were paired 
in a manner designed to produce a 
conditioned pain response (fear or anx- 
iety) to the neutral stimulus; for a 
control group, the temporal intervals 
between the stimuli were such as to 
reduce or prevent the formation of 
fear. Under neither procedure was 
any overt response systematically re- 
inforced. Following the conditioning 
series, extinction trials (CS presented 
alone) were given on each of three 
successive days. To test for the pres- 
ence of fear, a loud, sharp sound was 
substituted at the time shock was cus- 
tomarily applied (to the experimental 
Ss) and the magnitude of the startle 
response was recorded. On the as- 
sumption that the startle reaction 
would be a function of the strength of 
the conditioned fear state, it was pre- 
dicted that vigor of startle would vary 
concomitantly with operations de- 
signed to produce acquisition, extinc- 
tion, and spontaneous recovery of fear. 

3. The results for the training series 
showed a significant increase in the 
average startle response of the experi- 
mental Ss relative to the controls 
(whose reactions changed but little 
during these trials). Data from the 
series of extinction trials revealed that 
the startle response in the experimen- 
tal group declined progressively during 
the nonreinforced trials of the first 
day, recovered spontaneously during 
the interval separating the first and 
second days, declined again on the 
second day, and tended to show recov- 
ery again between the second and third 
days. 
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4. It is concluded that the results 
of the experiment provide further sup- 
port for the assumption that the pair- 
ing of a neutral and a noxious stimulus 
leads to the development of a condi- 
tioned fear reaction having motiva- 
tional concomitants. It is further 
held that the momentary strength of 
this reaction can be inferred from the 
extent to which some other reaction, 
in itself never directly conditioned to 
the fear cues, is intensified at the time 
of fear arousal. 


(Manuscript received May 12, 1950) 
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THE INTELLIGIBILITY OF SPEECH AS A FUNCTION OF THE 
CONTEXT OF THE TEST MATERIALS! 


BY GEORGE A. MILLER, GEORGE A. HEISE, AND WILLIAM LICHTEN 


Harvard University 


For many years communication en- 
gineers have used a psychophysical 
method called the “articulation test” 
(2, 3). An announcer reads lists of 
syllables, words, or sentences to a 
group of listeners who report what 
they hear. The articulation score is 
the percentage of discrete test units 
reported correctly by the listeners. 
This method gives a quantitative eval- 
uation of the performance of a speech 
communication system. 

There are three classes of variables 
involved in an articulation test: the 
personnel, talkers and listeners; the 
test materials, syllables, words, sen- 
tences, or continuous discourse; and 
the communication equipment, rooms, 
microphones, amplifiers, radios, ear- 
phones, etc. The present paper is di- 
rected toward the second of these 
three classes of variables, the test 
materials. The central concern can 
be stated as follows: Why is a stimulus 
configuration, a word, heard correctly 
in one context and incorrectly in an- 
other? 

Three kinds of contexts are explored: 
(a) context supplied by the knowledge 
that the test item is one of a small 
vocabulary of items, (b) context sup- 
plied by the items that precede or fol- 
low a given item in a word or sentence, 
and (c) context supplied by the knowl- 


1 This research was carried out under Contract 
N5ori-76 between Harvard University and the 
Office of Naval Research, U.S. Navy (Project 
NR147-201, Report PNR-74). Reproduction 
for any purpose of the U.S. Government is 
permitted. 


edge that the item is a repetition of the 
immediately preceding item. All three 
kinds of context enable the listener to 
limit the range of alternatives from 
which he selects his response. A word 
selected from a small vocabulary must 
be one of the few words agreed upon in 
advance. A word in a sentence must 
be one of the relatively few words that 
make a reasonable continuation of the 
sentence according to grammatical 
rules agreed upon in advance. A re- 
peated word must be one of the few 
words similar to the word just heard. 
Not anything can happen, and the 
listener can set himself to make the 
required discrimination. Context, in 
the sense the word assumes here, is the 
S’s knowledge of the conditions of 
stimulation. The experimental prob- 
lem is to vary the nature and amount 
of this contextual knowledge in order 
to study its influence upon perceptual 
accuracy. 


EQUIPMENT AND PROCEDURE 


The apparatus consisted of components from 
military communication equipment used during 
the recent war. The output voltage of a carbon 
microphone was amplified and delivered to the 
listener’s dynamic earphones. The talker moni- 
tored his speaking level with a volume indicator 
(VU meter) that responded to the voltage gen- 
erated at the output of the amplifier. A random 
noise voltage, with a spectrum that was rela- 
tively uniform from 100 to 7,000 cps, was intro- 
duced at the listener’s earphones. The signal- 
to-noise ratio (S/N) was varied by holding the 
average voice level constant and changing the 
level of the noise. The S/N was measured by a 
vacuum tube voltmeter across the terminals of 
the earphones, and the measurzments reported in 
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the following pages represent the ratio in decibels 
of the average peak deflection of the meter for 
the words (in the absence of noise) to the level of 
the noise in the 7,000-cycle band. A S/N of zero 
db means, therefore, that the electrical measure- 
ments indicated the two voltages, speech and 
noise, were equal in magnitude. Since the ear- 
phones transduce frequencies only up to about 
4,500 cps, however, the acoustic level of the noise 
was about 2 db lower than these electrical meas- 
urements indicate. The over-all acoustic level 
of the voice at the listener’s ears was approxi- 
mately 90 db re .0002 dyne/cm?. 

The speech channel was not a high quality 
system. Only the speech frequencies between 
200 and 3,000 cps were passed along to the listener.? 

Only two Ss were used throughout the experi- 
ments. Both had normal auditory acuity, and 
both were familiar with the design and theory of 
the experiments. The Ss were located in differ- 
ent rooms, connected only by the communication 
channel described above, and they alternated as 
talker and listener. Some particular S/N was set 
up in the channel, and the talker proceeded to 
read a list of test items. These items were pro- 
nounced after a carrier sentence, “You will 
write. . During this carrier sentence the 
talker adjusted his voice level to give the proper 
deflection of the monitoring VU meter, and then 
the test item was delivered with the same degree 
of effort. This procedure preserves the inherent 
variability of English words—the word “peep” 
has much less acousti¢ energy than the word 
“raw” when both words are pronounced with 
equal emphasis by a normal talker. By moni- 
toring the carrier sentence rather than the test 
item, the relative intensities of the speech sounds 
are preserved in a natural fashion. The listener 
then recorded the item on a test blank, and these 
test sheets were later graded and the scores con- 
verted to percentages. 


IMPORTANCE OF Test MATERIALS 


The kind of speech materials used to 
test communication systems is an im- 
portant variable determining the re- 
sults of the tests. Figure 1 illustrates 


2 For the convenience of those who may wish 
to apply one of the several schemes for predicting 
articulation scores, the frequency response of the 
system may be obtained by ordering Document 
3250 from American Documentation Institute, 
1719 N Street, N. W., Washington 6, D.C., 
remitting $1.00 for microfilm (images 1 in. high 
on standard 35 mm. motion picture film) or $1.00 
for photocopies (6 X 8in.) readable without 
optical aid. 
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how much difference the test materials 
can make. These three functions 
were obtained for the communication 
channel and the personnel described 
above. The test materials used 
for these three functions were the 
following. 


(a) The digits were pronounced zero, wun, too, 
thuh-ree, four, f-i-i-v, six, seven, ate, niner. (b) 
The sentences were those constructed at the Psy- 
cho-Acoustic Laboratory (1). A sentence con- 
sists of five major words connected by auxiliary 
“of’s,” “the’s,” etc. The score shown in Fig. 2 
represents the percentage of these major words 
heard correctly. (c) The nonsense syllables used 
were also those published by Egan (1). To 
standardize the pronounciation and recording of 
the nonsense syllables, an abbreviated phonetic 
symbolism was used. 


The values of S/N necessary for 50 
per cent correct responses are approxi- 
mately —14 db for digits, —4 db for 
the individual words in a sentence, and 
+3 db for nonsense syllables. At a 
S/N where practically no nonsense sy]- 
lables were recorded correctly, nearly 
all the digits were correctly communi- 
cated. Differences of this magnitude 
require explanation. What differences 
among these spoken stimuli make some 
easy to hear and others quite difficult? 
A list of perceptual aspects—rhythm, 
accent, grouping, meaning, or pho- 
netic composition—can be suggested. 
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Fic. 1. Relative intelligibility of different test 
materials 
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Our experiments indicate, however, 
that these various characteristics of 
the stimulus that did occur are less 
important than the characteristics of 
the stimuli that could have occurred 
but didn’t. The most important var- 
iable producing the differences is the 
range of possible alternatives from 
which a test item is selected. A lis- 
tener’s expectation (or, more precisely, 
his freedom of choice) is determined 
by the context in which the particular 
phonetic pattern occurs. When digits 
are used, the listener can respond cor- 
rectly with a marginal impression of 
the relatively intense vowel sound 
alone, because all the digits, with the 
exception of five and nine, have differ- 
ent vowels. Since the alternatives 
are thus limited, the digit is inter- 
preted correctly, although the same 
acoustic stimulus is quite ambiguous 
when the alternatives are not so lim- 
ited. With nonsense syllables, how- 
ever, this limitation of possibilities is 
far less helpful; the listener feels that 
anything can happen. To record the 
nonsense syllable correctly, a listener 
must perceive each phoneme correctly, 
and the perception of one phoneme in 
a syllable does not give a clue to the 
other phonemes in the same syllable. 
Not only must the listener hear the 
vowels correctly, but the less intense 
consonant sounds must also be dis- 
tinguished. 


Size or Test VocaBULARY 


An articulation test is a rather unus- 
ual combination of the familiar psy- 
chophysical procedures. The experi- 
ment requires the listener to select, 
not one out of two or three, but one 
out of several thousand alternative 
responses. Thus the number of alter- 
natives involved becomes an inter- 
esting variable. 

Suppose we try to adapt spoken 
stimuli as closely as possible to the 
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traditional method of constant stimuli. 
To this end we might use a single 
speech sound or a single syllable as the 
stimulus, present this speech unit at 
various intensities, and ask S to report 
whether or not he heard each presen- 
tation. This procedure determines a 
threshold of audibility for the partic- 
ular speech unit. The practical value 
of this isolated datum is negligible. 
The experiment must be repeated for 
all the forty or fifty different speech 
sounds or the thousands of different 
syllables of English. And then we 
know only about audibility, not intel- 
ligibility. 

Consider this distinction between 
audible speech and intelligible speech. 
It is intuitively clear that the words 
audible and intelligible are not syno- 
nyms, and listeners give reliably higher 
thresholds when asked to make con- 
tinuous discourse “just understand- 
able” instead of “just audible” (2). 
The crux of the difference is that intel- 
ligibility involves a complex discrimi- 
nation and identification, whereas au- 
dibility is simply a discrimination of 
presence or absence. 

It seems reasonable, therefore, to 
call a speech unit intelligible when it is 
possible for an average listener with nor- 
mal hearing to distinguish it from a set 
of alternative units. By a speech unit 
is meant any combination of vocal 
noises—phonemes, syllables, words, 
phrases, sentences. The act of dis- 
tinguishing can take various forms— 
repeating the unit, writing it down, 
pointing to it, behaving in accordance 
with its content, etc. The critical part 
of this definition concerns the set of 
alternative speech units from which 
the particular unit is selected. This 
part of the definition reduces intelli- 
gibility to discriminability, and avoids 
the questions of semantic rules and 
meaning. Discriminability is a func- 
tion of the number of alternatives and 
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the similarities among them. The 
word “loot” is easily discriminated if 
all the alternatives are trisyllabic, but 
difficult to distinguish, other things 
being equal, in a set of alternatives 
that includes “boot,” “loop,” “jute,” 
“lewd,” “mute,” “loose,” etc. 


An articulation test is analogous to a test of 
visual acuity where the percentage of correct 
judgments of a fixed set of test figures is plotted 
as a function of the level of illumination. A 
differential judgment is required under various 
favorable and unfavorable conditions. In such 
an experiment we determine the most unfavor- 
able conditions under which the discrimination 
can be made, rather than the most unfavorable 
conditions under which the presence of the stim- 
uli can be detected. These are clearly different 
thresholds and correspond to what we have called 
the thresholds of intelligibility and of audibility. 


A difficult discrimination quickly be- 
comes impossible as the conditions are 
made unfavorable, whereas an easy 
and obvious difference remains notice- 
able almost as long as the stimuli can 
be detected. The discrimination of a 
difference of 3-cycles in frequency, for 


example, is fairly accurate under fav- 
orable conditions—at 1,000 cps and 


100 db. If the intensity is progres- 
sively reduced, however, such a small 
difference becomes imperceptible. For 
a simpler discrimination, say 30 cycles 
difference in frequency, the listener 
can respond accurately at all inten- 
sities down to 5 or 10 db above the 
threshold of audibility. 

The situation is manageable so long 
as we have some index of the difficulty 
of the discrimination. Thus, in the 
tonal example, the difficulty can be 
gauged by the size of the difference in 
frequency. With the articulation test, 
however, such an index is not avail- 
able. We could utilize known differ- 
ences in the spectra of the sounds to 
construct an index of the distance be- 
tween speech sounds, but this index is 
not yet available. For the present 
we must approach the problem in a 
simpler way. 
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Imagine a many-dimensional space 
with a separate coordinate for each 
one of the different frequencies in- 
volved in human speech sounds. 
Along each coordinate plot the rela- 
tive amplitude of the component at 
that frequency. In this hyperspace 
each unique speech sound is repre- 
sented by a single point. Each point 
in the hyperspace represents a single 
acoustic spectrum. The group of sim- 
ilar sounds comprising a phoneme is 
represented by a cluster of points in 
the hyperspace. If a language uti- 
lized only two different phonemes, the 
hyperspace could be split into two 
parts, one foreach phoneme. The dis- 
tance between the two phonemes could 
be made as large as the vocal mecha- 
nism permits, and discrimination 
would be relatively easy. But suppose 
the number of different phonemes in 
the language is increased from two to 
ten. With ten different phonemes the 
hyperspace must be divided into at 
least ten subspaces, and the average 
distance between phonemes must be 
smaller with ten phonemes than it is 
with two. The discriminations in- 
volved must be correspondingly more 
precise. If the number of alternative 
phonemes is increased to a thousand, 
then the listener is required to make 
even more precise discriminations. 

In other words, the ease with which 
a discrimination of speech sounds can 
be made is limited according to the 
number of different speech sounds that 
must be discriminated. From this 
line of reasoning it follows that the 
number of alternatives can be used to 
gauge the difficulty of discrimination. 
This argument has been developed by 
Shannon (5) to give a measure of the 
amount of information in a message. 
The interesting aspect of this index of 
difficulty, or of amount of information, 
is that it does not depend upon the 
characteristics of the particular item, 
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Fic. 2. Intelligibility of monosyllables as a function of the size of the text vocabulary. (Data are 
not corrected for effects of chance.) 


but upon the range of items that could 
occur. 


The range of alternatives was used as the 
experimental variable in the following way. The 
listener was informed that each test word would 
be one of the items from a given restricted vocab- 
ulary. The size of the test vocabulary was alter- 
natively 2, 4, 8, 16, 32, or 256 words. The talker 
always spoke one of the words from the pre- 
arranged list. 

The words used in the restricted vocabularies 
were chosen at random from the list of phonet- 
ically balanced monosyllables published by Egan 
(2). For the two-alternative vocabulary, differ- 
ent pairs of words were chosen and typed on the 
listener’s answer sheet. The talker read one of 
the pair, and the listener checked the item he 
heard. A similar procedure was used for the 
four- and eight-word vocabularies. For the 16-, 
32-, and 256-word vocabularies the listeners had 
a list of all the words before them, and studied 
this list until they made their choice. The choice 
was recorded and a signal given to the talker to 
proceed to the next item. The Ss studied care- 
fully the particular list used in any test and 
arranged the words according to the vowel sounds 
before the tests began. 


The results 
Table I and in Fig. 2. Included with 
the data for restricted vocabularies 
are data for words from the original 
list of 1,000 monosyllabies, obtained 


are summarized in 


with no list of choices available to the 
listener. When these data are cor- 
rected for chance, the two-word vocab- 
ulary gives a threshold (50 per cent of 
the words correct) at — 14 db, the 256- 
word vocabulary gives a threshold at 
—4 db, and the unrestricted list of 


TABLE I 


Per Cent Worps Correct 1n ARTICULATION 
Tests with VOCABULARIES OF 
Various Sizes 
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monosyllables gives a threshold at +4 
db. With the same test words the 
threshold is changed 18 db by varying 
the number of alternatives. This 
result supports the argument that it is 
not so much the particular item as the 
context in which the item occurs that 
determines its intelligibility. 


CoNTEXT OF THE SENTENCE 


A word is harder to understand if it 
is heard in isolation than if it is heard 
in asentence. This fact is illustrated 
by Fig. 3. Sentences containing five 
key words were read, and the listener’s 
responses were scored as the percent- 
age of these key words that were heard 
correctly. These data are shown by 
the filled circles in Figs. l and 3. For 
comparison, the key words were ex- 
tracted from the sentences, scrambled, 
and read in isolation. The scores 
obtained under these conditions are 
shown by the open circles of Fig. 3. 
The removal of sentential context 
changes the threshold 6 db. 

The effect of the sentence is com- 
parable to the effect of a restricted 
vocabulary, although the degree of re- 
striction is harder to estimate. When 
the talker begins a sentence, “Apples 
grow on ,” the range of possible 
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Fic. 3. Effect of sentence context on the 
intelligibility of words 


G. A. MILLER, G. A. HEISE, AND W. LICHTEN 


continuations is sharply restricted. 
This restriction makes the discrimina- 
tion easier and lowers the threshold of 
intelligibility. A detailed statistical 
discussion of the restrictions imposed 
by English sentence structure is given 
by Shannon (5), and is used in a simple 
recall experiment by Miller and Self- 
ridge (4). 


Errects oF REPETITION 


When an error occurs in vocal com- 
munication, the listener can ask for a 
repetition of the message. The re- 
peated message is then heard in the 
context provided by the original mes- 
sage. If the original message enabled 
the listener to narrow the range of 
alternatives, his perception of the re- 
peated message should be more accu- 
rate. A series of tests were run with 
various kinds of test materials to eval- 
uate the importance of the context of 
repetition. These tests were run with 
automatic repetition of every item 
and, also, with repetitions only when 
the listener thought he had not re- 
ceived the test item correctly. 


The improvement in the articulation scores 
obtained with automatic and with requested rep- 
etitions was found to be about the same. A 
slight but insignificant difference was found in 
favor of the requested repetition, and if we add 
to this the savings in time achieved by omitting 
the unnecessary repetitions, the requested repeti- 
tion is clearly superior. 


The advantage gained by repetition 
is small for all types of test materials. 
In Fig. 4 data are given for the effects 
of repeating automatically the mono- 
syllabic words. The difference in 
threshold between one presentation 
and three successive presentations is 
only 2.5 db. Similar data for words 
heard in sentences show a shift of 2 db, 
and for digits, 1.5 db. 

These results indicate that the im- 
provement that can be achieved by 
the simple repetition of a message is 
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Fic. 4. Effects of repetition of test words 
on the articulation score 


slight. The repeated message con- 
tains approximately the same infor- 
mation, and the same omissions, that 
the original message contained. If 
the listener thinks he heard the word 
correctly, he persists in his original 
response, whether it is right or wrong. 
If he thinks he heard the word incor- 
rectly, he does not use this presumably 
incorrect impression to narrow the 
range of possibilities when the item 
recurs. In any case, no strong factor 
is at work to improve the accuracy on 
repeated presentations, and so we ob- 
tain only the slight improvement indi- 
cated in Fig. 4. 

The results indicate that far more 
improvement in communication is pos- 
sible by standardizing procedures and 
vocabulary than by merely repeating 
all messages one to two times. 

In general, therefore, the results are 
in qualitative agreement with the 
mathematical theory of communica- 
tion presented by Shannon (5). A 
precise quantitative comparison of the 
data with the theory cannot be made 
in the absence of trustworthy infor- 
mation about the distributions of er- 
rors. Seemingly reasonable assump- 
tions about the error distributions 
give results consistent with theoretical 
predictiéns, but a mbre thorough study 
would be rewarding. For a given sig- 
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nal-to-noise ratio the listener receives 
a given amount of information per sec- 
ond (according to Shannon’s defini- 
tion), and articulation scores can be 
predicted for different types of test 
materials on the basis of the average 
amount of information needed to re- 
ceive each type of test item correctly. 


SUMMARY 


Articulation tests showed the effects 
of limiting the number of alternative 
test items upon the threshold of intel- 
ligibility for speech in noise. The 
number of alternative test items was 
limited by providing three kinds of 
context: (a) restricting the size of the 
test vocabulary, (b) using the words in 
sentences, and (c) repeating the test 
words. Differences among test mate- 
rials with respect to their intelligibility 
are due principally to the fact that 
some materials require more informa- 
tion than others for their correct per- 
ception. The relative amount of in- 
formation necessary for a given type 
of item is a function of the range of 
alternative possibilities. As the range 
of alternatives increases, the amount 
of information necessary per item also 
increases, and so the noise level must 
be decreased to permit more accurate 
discrimination. 


(Manuscript received April 24, 1950) 
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SENSORY CUES IN PITCH JUDGMENT 


BY LAWRENCE M. BRAMMER! 
Stanford University 


Three problems were investigated 
in this study: (1) Do visual, kines- 
thetic, and tactual cues added to hear- 
ing make pitch judgments more 
accurate than hearing cues alone? 
(2) Does the distribution of pitch 
judgments for violinists claiming abso- 
lute pitch differ in accuracy from judg- 
ments of those not claiming such abil- 
ity? (3) What devices are used by 
violinists to name tones accurately? 

Little is known about the impor- 
tance of cues, other than hearing, 
which may enhance pitch-judging ac- 
curacy. Mursell (10) concluded, after 
reviewing studies measuring larynx- 
type movements, that the feeling of 
tension in the vocal muscles does not 
increase accuracy. Wyatt (24), in a 
study on pitch discrimination, states 
that: 


It seems probable that proficiency in a pitch 
discrimination test may be affected by many 
factors which are quite remote from simple 
auditory sensation and which may involve 
not just the auditory sensorium, but possibly 
even the entire organism (p. 54). 


Cheslock (5) and Gough (6) assert 
that kinesthetic cues make pitch judg- 
ments more accurate. 

The last two problems of this study 
have a long history. The definition 
and investigation of the absolute pitch 
phenomenon are discussed at length in 
a critical review by Neu (11). 

Absolute pitch is defined as the abil- 
ity to name tones from memory only. 
The error allowed varies from .01 to 1 
semitone (2, 8, 9, 15, 16, 17, 18, 19). 
A review of these studies on pitch 
judgment suggests the following gen- 


1 The author gratefully acknowledges the as- 
sistance of Professor Paul W. Farnsworth. 


eralizations: (1) Absolute pitch is pri- 
marily an acquired ability (6, 8, 9, 11, 
13, 20, 22). (2) Timbre and “tone 
body” are mentioned frequently in 
pitch-judging (2, 3, 4, 9, 10, 11, 12, 
13,17). (3) Unmusical observers im- 
prove their accuracy in a short time 
through systematic training (6, 9, 22). 
(4) Notes in the middle ranges of the 
piano are more easily judged than the 
extremes (3, 14). (5) There is a ten- 
dency to judge low tones higher and 
high tones lower (3, 14). (6) Com- 
plex tones are more easily and accu- 
rately judged than pure tones (1, 2, 3, 
8, 9, 14, 21). (7) Pitch-judging ac- 
curacy diminishes in the absence of 
practice (6, 8, 9, 20). (8) The most 
accurate judgments are those made 
quickly (1, 2, 4, 6). 

A major inadequacy of the early 
studies was their lack of agreement 
concerning the boundary between ab- 
solute pitch and relative pitch. One 
semitone or larger unit was used in 
early studies as the criterion for abso- 
lute pitch. Recent investigators, no- 
tably Bachem (1) and Seashore (17), 
have set the criterion at a small frac- 
tion of asemitone. This lack of agree- 
ment concerning the nature of absolute 
pitch prevents reliable comparisons of 
data and accounts for many contra- 
dictory conclusions. 


PROCEDURE 


Forty-two violinists with a median age of 19 
years were chosen randomly from a list of violin- 
ists in the Stanford—Palo Alto area. Five were 
professionals; 14 were regular violin students; 
and 23 were occasional players. One-third of 
these violinists allegedly had absolute pitch. 
The experimenter tested all Ss to determine 
whether they conformed to the writer’s defini- 
tion of absolute pitch; namely, the accurate nam- 
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ing of random tones with better than semitone 
accuracy. 

The Conn Chromatic Stroboscope was used to 
determine the accuracy of the tones to .01 semi- 
tone. A violin A-string produced the 4-440 
stimulus tone. It is an open string tone; it is 
one of the most familiar tones to a violinist; and 
it is in the middle range, hence easier to judge 
than a high or low tone. At 4-440 there is also 
a linear relationship between frequency as meas- 
ured on the stroboscope, and pitch, which is the 
quality perceived by the subject (7). 

Two laboratory periods were held at least 24 
hr. apart. In one series the violin A-string was 
set to E, which had been determined by previous 
calibration on the peg. The following instruc- 
tions were given each S: 


I will play a tone for 3 sec. You are to 
tell me if the tone I played was concert 
A-440, the pitch to which the violin 4-string 
is normally tuned. If it is not 4 tell me 
how much to raise or lower it. I will then 
play the new tone. You are to tell me if 
that is 4 and soon. When you think I am 
playing 4-440 say, “That is 4.” I will ad- 
just the instrument as many times as you 
wish until your conception of 4-440 is pro- 
duced. There will be five judgments. Are 
there any questions? 


The experimenter then played E below 4-440 
for approximately 2 sec. When S indicated his 
choice, the fork dial was adjusted until the 4-disc 
on the stroboscope unit stopped. The reading 
was then taken from the fork unit dial. This 
procedure was repeated five times. The initial 
settings on the violin for each of the five judg- 
ments were E, D#, C#, D, and E. The progres- 
sion upward to 4 was made by approximate half- 
steps which varied with instructions from S. 
The S was blindfolded during this series to re- 
strict the cues to hearing alone. 

Between the first and second series of tones, a 
10-min. interview was utilized to gather back- 
ground information and introspective data. 

The second series was included to determine 
whether timbre cues would affect the pitch judg- 
ments. This series was played on the clarinet. 
The S was again blindfolded. He was told to 
instruct the experimenter to raise or lower the 
clarinet tones until 4-440 was reached. The 
experimenter played five different series of clari- 
net tones. The order of tones varied according 
to S’s instructions. For example, if S said, 
“Play it up a perfect fifth,” the intervening tones 
were skipped. , The interpolated tones were ob- 
tained by “lipping” the relatively fixed clarinet 
tones up or down as requested by S. 

Wind pressure on the clarinet was kept con- 
stant for all Ss in order to maintain equal loud- 
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ness. Lewis (7) and Mursell (10) emphasize 
that loudness may be an influential variable in 
pitch-judging. 

An interval of at least 24 hr. was planned 
between the preceding periods and the third 
series of judgments. The S was given the bow 
and violin with the 4-string tuned to E below 
4440. The other strings were randomly out of 
balance. The order of initial settings for the five 
judgments was E, D#, C#, D, and E. The follow- 
ing instructions were given to S: 


Tune the violin 4-string to concert 4-440 
as closely as youcan. You may tune all the 
strings if you wish, if you think it will help 
you get the 4-string tuned more accurately. 
When you think you have played 4, say 
“This is 4,” and continue playing that tone 
a few sec. longer so I can adjust the instru- 
ment. There will be five judgments. Are 
there any questions? 


The S was not blindfolded during this series 
so that he could use visual, kinesthetic, and tac- 
tual cues in conjunction with his hearing. 


REsuLTs AND CONCLUSIONS 


The data were treated by the F test 
of significance using the double-classi- 
fication analysis of variance. When 
the Ss tuned the violin, the average 
deviation from 4-440 was 91 cents or 
almost 1 half tone. On the other 
hand, when the Ss directed the experi- 
menter’s tuning, the average deviation 
from A-440 was 98 cents. 

Some differences were apparent 
among the means of the judging tasks, 
but the significance test indicated that 
these differences could have been at- 
tributed to chance. In order to be 
significant at the .05 level, F should 
have been 3.11. The obtained F of 
2.79 is significant at the .10 level of 
confidence. Since the differences fell 
in the direction which Cheslock (5) 
and Gough (6) predicted, it is possible 
that with more Ss significant differ- 
ences might have been found. The 
addition of visual, kinesthetic, and tac- 
tual cues, within the limiting condi- 
tions of this study, does not increase 
accuracy significantly. 
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Fic. 1. Accuracy of absolute pitch Ss and non- 
absolute pitch Ss in tuning a violin to 4-440 


This conclusion applies to mean dif- 
ferences. Some individual differences 
in judgment were very great. Baird 
(3), Whipple (23), and Riker (14) 
found that tone quality appeared to 
influence the accuracy of judgment. 
In the present study the unfamiliar 
timbre of the clarinet caused confusion 
in the judgments of several Ss. Nine 
expressed the opinion that they were 
completely “‘lost”’ on the clarinet tones 
but were quite confident of the violin 
judgments. The average deviation 
from the clarinet 4-440 for all Ss was 
123 cents, considerably over a semi- 
tone. 

It was noted that when the violin- 
ists were asked to state whether they 
were more certain of their own tuning 
or more certain of their direction of 
the experimenter’s tuning, a highly 
significant number were more certain 
of their own tuning than their direc- 
tion of the experimenter’s tuning. 

In Fig. 1 is shown the accuracy of 
all 42 Ss on their own violin tuning. 
The cents scale is logarithmic. All 
the absolute pitch Ss were within 100 
cents of 4. Two nonabsolute pitch 
Ss were as accurate as the most accu- 
rate absolute pitch Ss. Forty-two per 
cent of the nonabsolute pitch Ss were 


within the range of the absolute pitch 
group. Errors of the nonabsolute 
pitch group ranged over an octave, 
whereas the errors of the absolute pitch 
group ranged over a whole tone only. 

The above results are in fair agree- 
ment with Wedell’s (21) finding that 
absolute pitch Ss have an average 
error of .5 of a semitone since the aver- 
age for this study is approximately .25 
of a semitone. The Ss in the present 
study were judging under more favor- 
able conditions since they judged tones 
on their favored type of instrument 
and were aiming for the tone most 
familiar tothem. Wedell’s Ss judged 
piano and oscillator tones over a 24- 
note range. 

Wedell (21), using 9 absolute pitch 
Ss and 11 nonabsolute pitch Ss, found 
a bimodal distribution of judgments 
clustering around .5 of a semitone and 
around 4 semitones away from the 
stimulus tone. In the present study 
there is no evidence of this type of 
distribution. All 42 Ss form a con- 
tinuous distribution from almost per- 
fect accuracy to an octave error. 
Riker (14), using musical and non- 
musical Ss, also found ability to judge 
pitch continuously distributed. 
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Fic. 2. Accuracy of absolute pitch Ss and non- 
absolute pitch Ss in tuning a violin to 4-440 
through directions to E and while blindfolded 
(Ss with error > 100 cents eliminated) 





SENSORY CUES IN PITCH JUDGMENT 


The data in Fig. 1 indicate that the 
“absolute versus nonabsolute” pitch 
dichotomy has little meaning in de- 
scribing fine pitch-judging accuracy. 
The overlap appears to be consider- 
able. The 14 absolute pitch Ss had a 
mean deviation from 4 of 28 cents; 
whereas the top 14 nonabsolute pitch Ss 
had a mean deviation from 4 of 37 
cents. 

In Figs. 2, 3, and 4 are shown the 
mean deviations from 4-440 of those 
Ss who deviated from 4 with an error 
less than 100 cents, and were directing 
the experimenter’s tuning (Fig. 2) or 
making their own tuning (Fig. 3) on 
the violin, or were directing the experi- 
menter’s tuning on the clarinet. 

The third problem of the study was, 
“What devices are used by the Ss to 
name tones accurately?” Some dif- 
ferences between the absolute and the 
nonabsolute pitch Ss are found here. 
The violinists were asked to describe 
how they knew when they played or 
heard 4-440. This question was 
asked to uncover some of the cues 
employed to obtain more accurate 
judgments. 

Of the 99 responses the most fre- 
quent was the expression of a vague 
feeling of disturbance and discomfort 
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Fic. 3. Accuracy of absolute pitch Ss and 
nonabsolute pitch Ss in tuning a violin to 4-440 
directly (Ss with error > 100 cents eliminated) 
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Fic. 4. Accuracy of absolute pitch Ss and 
nonabsolute pitch Ss in tuning a clarinet to 
A440 through directions to E and while blind- 
folded (Ss with error greater than 100 cents 
eliminated) 


when not precisely on 4. This re- 
sponse was given by 36 per cent of 
absolute pitch Ss and by 24 per cent 
of the nonabsolute pitch Ss. More of 
the absolute pitch group gave re- 
sponses which stated that the tones 
sounded too “brilliant” when sharp 
or too “‘dull’’ when flat. 

The nonabsolute pitch Ss said that 
they used reference tones, visual im- 
agery, auditory imagery, and kines- 
thetic cues more frequently than the 
absolute pitch group. Eight absolute 
pitch Ss admitted using other tones as 
reference points, but only after they 
had made their judgments; whereas 
the nonabsolute pitch Ss used the 
tones as direct reference points from 
which to find 4. 

Five responses which stated the use 
of laryngeal cues were given by non- 
absolute pitch Ss. None of the abso- 
lute pitch group gave this response. 
Eight Ss claimed the use of visual and 
auditory imagery. D was the most 
commonly used reference tone utilized 
by the 12 Ss. 

An item of interest is the group of 
11 Ss who mentioned the unique qual- 
ity of the notes. This finding has 
been noted by many investigators (2, 
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3, 4, 5, 9, 11, 12, 13, 17, 23). They 
found that Ss with absolute pitch 
were particularly prone to stress the 
quality, chroma, or timbre in their 
absolute judgments of tone. In the 
present study 6 nonabsolute pitch Ss, 
as well as 5 absolute pitch Ss, said that 
they were using the unique quality of 
the notes in judging. 


SUMMARY 


Forty-two violinists were selected to 
find 4-440 under several conditions— 
when the violinist with all sensory 
cues at his command had the violin in 
his hands with the strings randomly 
out of balance; when E tuned the 
violin under the blindfolded violinist’s 
directions; and when E tuned a B-flat 
clarinet to A-440 under the blind- 
folded violinist’s direction. The data 
indicate that the addition of visual, 
kinesthetic, and tactile cues to hearing 
did not increase.accuracy of tuning 
significantly. Violinists with alleged 
absolute pitch were more accurate than 
the nonabsolute pitch Ss; but the great 
overlap questions the use of the term 
“absolute pitch” as a special indicator 
of accuracy. It was found, further- 
more, that the nonabsolute pitch Ss 
claimed to use reference tones, audi- 
tory imagery, and kinesthetic cues 
more frequently than the alleged abso- 
lute pitch Ss. The more accurate the 
S, the less he seemed to depend upon 
these extraneous cues. 


(Manuscript received May 8, 1950) 
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BEHAVIOR STRENGTH AS A FUNCTION OF THE 
INTENSITY OF THE HUNGER DRIVE 


BY GREGORY A. KIMBLE 
Yale University 


The strength of the tendency to per- 
form a learned reaction, according to 
current learning theory, depends upon 
the strength of motivation. The pres- 
ent study was designed to investigate 
the nature of the function which relates 
the latency of a conditioned operant 
response to the strength of the hunger 
drive. In the terminology of Hull (2) 
the problem is that of determining the 
relationship between response latency 
(str) and drive strength (D) when 
hours of food deprivation (h) and 
amount of food last eaten (4) are the 
determiners of drive. In the case of 


the hunger drive (Dg) it is often said 
that the intensity of this motive in- 
creases with the number.of hours that 
the animal has been deprived of food 


(Du = f[h]). But itis also possible to 
control hunger by varying the amount 
of food ingested, a technique employed 
by Skinner (8) and Reynolds (6). The 
latter investigator, for example, pro- 
duced a low and a high drive state in 
two groups of animals by feeding the 
low-drive group 12 gm. of food 24 hr. 
prior to a learning experiment, and the 
high-drive group 3 gm. of food 24 hr. 
before the same experiment. The 
proper formula for the strength of the 
hunger drive, thus, may be Dg = 
f(A,h). 

Response latency should vary as a 
function of time since eating (amount 
last eaten constant) or as a function of 
amount eaten (time siace eating con- 
stant) since either of these influences 
the intensity of hunger. Hunger in 


1 The experiment reported in this paper was 
performed in the psychological laboratory at 
Brown University. 


turn is a drive and determines, with 
habit strength (s//z), the value of an 
intervening variable, sEz, upon which 
response latency depends directly. 
Thus, even if the strength of habit is 
constant, latency should vary with 
drive, which partially determines the 
magnitude of sEp. 

The relationship between response 
latency and hunger has not been 
traced adequately experimentally. In- 
vestigations of the relationship between 
behavior potentiality and the strength 
of hunger have presented results main- 
ly in terms of numbers of trials to 
extinction and have reported latencies 
only incidentally. Such studies in- 
clude those of Perin (5), Koch and 
Daniel (4), and Saltzman and Koch 
(7). The results of these investiga- 
tions, as summarized by Saltzman and 
Koch, suggest that the curve relating 
trials to extinction to hours of food 
deprivation is one which rises rapidly 
during the first 2 hr., and then con- 
tinues to rise at a much slower rate, 
at least up to 24 hr. If response la- 
tency reflects the same thing as number 
of trials to extinction, it is to be pre- 
dicted that the reciprocal of reaction 
latency and number of trials to extinc- 
tion will be related to drive strength 
in similar ways. 

A special problem arising in connec- 
tion with the functional relationship 
between hunger and its determining 
conditions, as pointed out by Zeaman 
and House (11), involves the concept 
of satiation. Hull’s (2) earlier state- 
ment about behavior under satiation 
was based upon an extrapolation of 
the function obtained by Perin (5) to 
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zero hours, of food deprivation. His 
conclusion was that, at this point, re- 
sistance to extinction is about 28 per 
cent of its value at 24 hr. of depriva- 
tion. More recently Koch and Daniel 
(4) and Saltzman and Koch (7) have 
taken experimental issue with this con- 
clusion. In an experiment similar to 
the Perin experiment they found that 
resistance to extinction was very low 
at low drive intensities. At zero hours 
of deprivation, the median number of 
trials to extinction was 1.0. Hull’s 
(1) more recent account of the func- 
tion which relates hunger to number 
of hours of food deprivation has been 
presented only in a very brief form. 
But apparently it is in line with the 
findings of Koch and his co-workers. 
Hull writes that “The functional rela- 
tionship of drive (D) to one drive con- 
dition (food privation) is: from h = 0 
to about 3 hours drive rises in an ap- 
proximately linear manner until the 
function abruptly. shifts to a near hor- 
izontal, then to a concave-upward 
course, gradually changing to a con- 
vex-upward curve reaching a maxi- 
mum of 12.36¢ at about h = 59, .. .” 
(1, p. 176). This statement is not, 
however, specific with respect to the 
characteristics of behavior under food 
satiation. 


PuRPOSE OF THE EXPERIMENT 


The foregoing introduction poses 
three questions which identify the 
threefold purpose of this experiment: 
(1) What is the nature of the function 
relating behavior potentiality (reflect- 
ed in reciprocal latency) to number of 


hours of food deprivation? (2) Are 
there changes in the strength of the 
tendency to perform a learned response 
correlated with the ingestion of food? 
(3) What are the characteristics of 
behavior acquired on the basis of the 
hunger drive when this drive is re- 
duced to zero? 
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EXPERIMENTAL PROCEDURE 


A pparatus.—The response required of the Ss 
in this experiment was a panel-pushing reaction 
similar to that previously employed by Webb 
(10). The apparatus was designed to measure 
the latency of this reaction as accurately as pos- 
sible. This apparatus consisted of a box 11 in. 
long by 6} in. high by 5} in. wide with a masonite 
guillotine door in one end. When this door was 
raised, a black panel was presented. This panel, 
which was 4} in. high by 2} in. wide, was 
pivoted so that a very light pressure against it 
exposed a food cup and the food reward. A 
counterbalance kept the panel open after the 
response was made. 

Raising the guillotine door 1 in. depressed a 
microswitch and started a Springfield timer. 
Opening the panel closed another switch impro- 
vised from a telegraph key, activated a holding 
relay which stopped the timer, and thus recorded 
the latency of the response to the nearest .01 
sec. Except for the counterbalancing arrange- 
ment, the important details of the apparatus are 
shown in Fig. 1. 

Subjects—Twelve female rats from the inbred 
strain of Wistar stock maintained by the Depart- 
ment of Psychology at Brown University were 
the Ss in the experiment. They were 73 to 75 
days old at the beginning of training. One addi- 
tional animal was discarded for failure to learn 
the panel-pushing reaction. 

Scheduling.—The relationship between behav- 
ior potentiality and hunger is probably partly 
(and perhaps importantly) a function of the 
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Fic. 1. Apparatus. This figure shows only 
the portion of the apparatus involved in the 
recording of the rat’s response latency. When 
the sliding door is raised, the microswitch is 
depressed and a .01 sec. clock started. When 
the panel is pushed open, the telegraph key 
switch breaks the clock circuit by activating a 
holding relay. 
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maintenance schedule of the animal. For this 
reason, it appeared to be important to establish 
a constant motivational state under 24 hr. of 
deprivation before beginning the experiment. 
To this end, the animals were put on a feeding 
schedule for 11 days prior to the experiment. 
During this period, a record of the amount of 
food eaten in a 20-min. feeding period was taken 
on days 1, 3,5,7,9, 10, and 11. The assumption 
was that a constant motivational state had been 
reached when the food intake became essentially 
constant from day to day. Eleven days on the 
24-hr. deprivation schedule seemed to have ac- 
complished this. On the ninth day, the animals 
ate slightly less than they had on the seventh 
day; and on the eleventh day, they ate an aver- 
age of .2 gm. more than they had on the tenth 
day and 2.2 gm. more than on day 7. Food in- 
take seemed to have stabilized at about 21 gm. 
of mash per day. 

The Ss were allowed to eat 20 min. per day on 
a mash composed by weight of 40 per cent ground 
Purina dog checkers and 60 per cent water. To 
this mixture a small amount of cod-liver oil had 
been added. The Ss were fed on platforms near 
the experimental apparatus. On days when 
weight measures were taken, the feeding period 
was divided into four sessions. At the end of 
each 5 min., the food was removed and Ss were 
weighed to determine their intake. This peri- 


odic interruption of eating is believed to be par- 


ticularly effective as a preliminary to the use of a 
satiation technique, in that Ss learn to eat rap- 
idly. During the fourth 5-min. eating period 
they ate almost nothing. 

Training.—After this scheduling procedure, 
Ss were taught the panel-pushing habit in a 
single session involving 3 pretraining trials and 
15 learning trials. On the pretraining trials, the 
panel was held open, and S was allowed to dis- 
cover and to eat a small pellet of mash thus pre- 
sented. On each of the 15 training trials, E 
waited until S was facing and had its forepaws 
in the half of the box containing the guillotine 
door. When this criterion position was assumed, 
the door was raised and the trial begun. Under 
this training procedure, learning is very rapid; 
response latency reached an asymptote on trial 
11 at a median value of .4 sec. 

Tests under varying numbers of hours of depri- 
vation.—After preliminary training, the experi- 
ment proper was begun. In a random order on 
different days, Ss were tested after 0, 2, 8, 15, 
and 24 hr. of food deprivation. 
dition, Ss were given five trials under the same 
conditions as training. Food was present in the 
food cup, and the same criterion based upon the 
animals’ position in the box was used to deter- 
mine when to raise the guillotine door and start 
a trial, 


Under each con-* 
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In all these conditions, except for the satiation 
condition, the reported number of hours of food 
deprivation is the length of time since the end of 
the last regularly scheduled 20-min. eating 
period. Because of certain precautions taken 
with the zero-hour condition, it requires addi- 
tional comment. It seemed desirable to make 
every effort to produce complete satiation (if this 
is possible) and to obtain enough data upon each 
S’s behavior to form the basis for dependable 
statements. Three different procedures were 
employed for these two purposes. The first 
involved the treatment of the animals during the 
eating period. As already mentioned, most of 
the animals finished eating in 15 min. of their 
allotted 20 min. In an effort to encourage further 
eating, the food was removed from the feeding 
platforms after 20 min., stirred, and returned 
after 1 min. This occasionally produced more 
eating for a few seconds. When the animals had 
again ceased to eat, they were lifted and placed 
before the food cups. This never produced any 
additional eating, nor did attempts to feed them 
by spoon. 

The second special procedure was designed to 
obtain more data under satiation than under the 
other motivational levels. For this purpose, the 
satiated animals were given four blocks (instead 
of the usual one) of five trials each on successive 
days. On these trials, an animal which did not 
respond to the panel within 5 min. of its exposure 
on any trial was removed from the apparatus and 
assigned an arbitrary latency of 5 min. for that 
trial and for the remaining trials in that five-trial 
series. Fortunately, this procedure was never 
necessary for as many as half the animals. 
Median latencies are, therefore, obtainable for 
this condition as well as for each of the others. 

For the tests under satiation, all Ss were fed 
at the same time. This meant that some Ss 
were run under satiation later than others. This 
procedure, which looks more hazardous from the 
point of view of experimental design than it 
actually is, was employed for three reasons: (1) 
to aid in the mechanical details of running the 
experiment and keeping the Ss on feeding sched- 
ule; (2) because previous observations upon the 
eating behavior of the Ss had indicated that they 
would not eat for an hour or more after the sati- 
ation procedure used in this experiment; and (3) 
because this procedure provided latency meas- 
ures at several points during the period immedi- 
ately after eating. Of these three considerations, 
the last was the most important. 

Specifically, Ss tested under satiation could be 
regarded as being run under different (short) 
periods of deprivation ranging from 10 min. to 
60 min. These values were arrived at by divid- 
ing the 12 Ss into four groups of three Ss deter- 
mined by the order in which they were run. 
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Since the order of testing under satiation was 
randomly determined from day to day, it seemed 
proper to combine data for these days, thus pro- 
viding 60 latencies (3 animals X 5 trials X 4 
days) upon which to compute a median latency. 
By averaging the times after satiation at which 
each of these subgroups was run, and by round- 
ing to the nearest multiple of 5, we thus obtain 
latency measures corresponding roughly to 10 
min., 30 min., 50 min., and 60 min. deprivation. 
As a third special procedure employed in the 
tests under satiation, a check on the possibility 
that the animals might not have been completely 
satiated in spite of our precautions was attempted 
on a fifth day. ‘They were fed according to the 
usual satiation procedure. When S was sati- 
ated, it was given a single trial in the panel- 
pushing apparatus. But in this case, one of the 
food cups was placed in the apparatus to provide 
an easily accessible supply of food. If S ate this 
food (3 Ss), it was removed from the apparatus 
to the feeding platform, allowed to eat, and run 
again later. If it did not eat (9 Ss), the single 
test-trial was administered immediately. 

Tests after various amounts eaten.—Two further 
sets of measurements were made on the same Ss. 
In this phase of the experiment, the Ss were 
interrupted in their eating and run within 1 min. 
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after this interruption. The conditions used 
were one in which the Ss had been allowed to eat 
for 10 min., and another in which they had been 
allowed to eat for 15 min. These two conditions, 
together with the 24-hr. deprivation condition 
and the satiation condition, provide a sample of 
behavior after various amounts of prefeeding. 

Summary of experimental conditions.—The ex- 
periment provides data on the behavior of the Ss 
under 11 different motivational conditions. 
There are three conditions in which the drive- 
controlling variable is the amount of time allowed 
for eating after 24 hr. of deprivation. These 
times are 0 min., 10 min., and 15 min. In the 
other eight conditions drive strength is deter- 
mined by the time since last eating to satiation. 
These times are 10 min., 30 min., 50 min., 60 
min., 2 hr., 8 hr., 15 hr., and 24 hr. For each 
condition, the dependent variable is the latency 
of the conditioned reaction. 


RESULTS 


The major findings of the experi- 
ment are presented in Fig. 2, where the 
reciprocal of the median latency is 
plotted as a function of time either 
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Fic. 2. Median reciprocal response latency as a function of time allowed for eating and time of 
deprivation. The left-hand portion of the graph represents changes in behavior strength associated 
with ingestion of food. The second and third sections present reciprocal latency as a function 


of number of hours of food deprivation. 
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since the beginning of eating or since 
the termination of eating, depending 
upon the section of the graph. Me- 
dian latencies are used because of 
the occasional indeterminate latencies 
under the low-drive conditions which 
make the use of other averages inap- 
propriate. The reciprocal of the me- 
dian latency is used for purely aesthetic 
reasons. This measure increases where 
we would want to consider drive as 
increasing and decreases where we 
would want to consider drive as de- 
creasing. 

Figure 2 is divided into three sec- 
tions. The portion of the figure at 
the left shows latency changes which 
accompany the ingestion of food. In 
terms of time allowed for eating prior 
to their determination, the three points 
represent 0 min., 10 min., and 15 min. 
The first of these points (0 min.) is, of 
course, the same value as that plotted 
for 24-hr. deprivation. The expected 
rapid decrease in reciprocal latency as 


a function of time allowed for eating 
is readily seen. 


Orthodox statistical tests are not applicable 
to the data of this experiment for three reasons: 
(1) Variability under low drive is many times as 
great as under high drive; (2) latency distribu- 
tions under low drive are very badly skewed; and 
(3) when a criterion of no response is used, inde- 
terminate latencies are sometimes obtained. For 
these reasons, the results of the experiment have 
been evaluated statistically by means of the non- 
parametric sign test described by Dixon and 
Mood (3). The sign test is a special application 
of the binomial theorem in which one merely 
counts the number of positive and negative dif- 
ferences obtained when one subtracts measures 
under one condition from those under another 
and determines the significance of the departure 
from a 50-50 distribution. For example, in this 
experiment, when one subtracts the median 
latency produced in the 10-min. prefeeding condi- 
tion from the same value for the 15-min. pre- 
feeding condition for each animal, eight positive 
differences are obtained. Using a single-tailed 
test (since we have made predictions of direction) 
this result is significant at only the .20 level of 
confidence. By the same test the difference be- 
tween the median latencies obtained under the 
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24-hr. deprivation condition and either of the 
above prefeeding conditions is significant beyond 
the .01 level of confidence. Similarly, the differ- 
ence between median latencies for either pre- 
feeding condition and the satiation condition is 
significant beyond the .01 level. 


The second, intermediate, portion 
of the graph shows the changes in 
reciprocal latency which occur in the 
first hour after satiation. These points 
are considered separately because the 
values they represent were determined 
in a manner somewhat different from 
that used in the determination of the 
points plotted in the other portions of 
the graph. The most striking thing 
suggested by the trend apparent in 
these points is that response strength 
may continue to decrease for the first 
hour following satiation. This find- 
ing is not unique. Saltzman and 
Koch (7) showed a similar effect for 
the first 30 min. after satiation. Thus, 
this finding confirms their result and 
suggests that it persists for 1 hr. or 
longer. 


The reliability of this trend was also evaluated 
by the sign test. The method was to compare 
the median response latency of each S when it 
was run in the first block of Ss, with the same 
measure obtained on another day when the S 
was run in the last squad of three animals. Asa 
result of the random assignment of order, it hap- 
pened that only nine of the Ss supplied data in 
both conditions. Of these, seven produced longer 
latencies in the second condition. The probabil- 
ity of such an outcome on the basis of chance is 
46 in 512, a result significant at the .10 level of 
confidence. 


Thus we have obtained no evidence 
for an increase in behavior strength 
during the first hour of deprivation. 
And, while the evidence for a decrease 
is not impressive, it does permit us to 
suggest this as a possibility. Between 
1 and 2 hr. of deprivation, a sharp in- 
crease in behavior strength occurs. 
Beyond 2 hr., the function is one which 
increases more slowly up to the next 
regularly scheduled feeding period. 
The initial increase in behavior 
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strength occurred in all Ss, making a 
statement of statistical dependability 
superfluous. The difference between 
the 2- and 8-hr. performance is not 
statistically reliable. By the sign test 
the difference between the 8- and 15- 
hr. results is significant at the .01 level; 
that between the 15- and 24-hr. condi- 
tions is significant at about the .10 
level. An examination of the indi- 
vidual latency distributions indicates 
a possible explanation for this latter 
result, in that some Ss were apparently 
responding with maximal speed under 
the drive produced by 15-hr. food 
deprivation. 

A final set of observations obtained 
in this investigation was that during 
the five-trial tests under satiation, the 
response latency becomes progressive- 
ly longer. Median latencies for the 
five trials are .9, 12.0, 37.3, 123.5, and 
145.9 sec. That this trend is reliable 


is indicated by the fact that when 
median latencies, based on all trials 
under satiation, are examined S by S, 


there is a consistent tendency for this 
measure to be larger on the last two 
than on the first two trials. To make 
this comparison, two Ss were disre- 
garded for producing so many inde- 
terminate latencies as to make it im- 
possible to determine the trend. Of 
the ten remaining Ss, nine show the 
effect, a finding significant at about 
the .01 level of confidence. The elim- 
ination of the two Ss for whom median 
latencies could not be determined also 
has the effect of demonstrating that 
this increase in latency is not merely 
an artifact of the procedure of assign- 
ing latency values of 5 min. for all 
trials beyond the one on which the 
first such latency appears. For the 
ten Ss remaining, the trend being eval- 
uated was not affected by the presence 
or absence of such indeterminate 
latencies. 
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Discussion 


The experiment just reported was 
designed to provide information on 
behavior strength as a function of drive 
intensity when the drive-controlling 
operation is either prefeeding or dep- 
rivation. 

Associated with prefeeding, it was 
found that there occurs a rapid drop 
in the reciprocal latency of a condi- 
tioned response based upon food re- 
ward. This finding is easily predicted 
upon the basis of any of the current 
learning theories. Hull’s (2) theory, 
which makes the matter most specific, 
would hold that hunger (D) decreases 
with the ingestion of food, thus decreas- 
ing the magnitude of an intervening 
variable, sEr. This latter decrease is 
reflected directly in an increased la- 
tency or a decreased reciprocal latency. 
The only importance which attaches 
to our findings is that the predicted 
has been demonstrated in a new exper- 
imental situation. 

Somewhat more surprising is the 
finding that there is no increase (per- 
haps some decrease) in behavior 
strength for about 1 hr. after eating to 
satiation, when satiation is defined as 
refusal to eat. This finding confirms 
that of Saltzman and Koch (7). To 
the physiologically minded psycholo- 
gist it should certainly suggest that 
satiation depends in part upon bodily 
absorption of food products. 

For the period from 1 hr. to 24 hr. 
after satiation, the curve relating re- 
ciprocal latency to the number of hours 
of food deprivation is one which rises 
rapidly to 2 hr., and then more slowly 
to 24 hr. of deprivation. In its gross 
aspect, this curve is much like that 
presented by Saltzman and Koch (7) 
and also resembles that described by 
Hull (1). It, therefore, appears that 
the function relating the strength of 
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the hunger drive to food deprivation is 
not restricted to a single apparatus, or 
a single response measure, or a single 
strain of rats. The most important 
question raised by such functions con- 
cerns the sudden shift in acceleration 
which appears at 2 or 3 hr. of depri- 
vation. One possibility is that this 
represents a residual effect of the rat’s 
2-4 hr. ad lib. feeding schedule. 

Of special interest is the behavior 
observed under satiation. In addition 
to the expected protracted latencies, 
it was noted that these latencies in- 
creased regularly through a five-trial 
test series run under satiation. This 
finding appears to be more difficult to 
explain than any of our other results. 
The very long latencies on trials 4 and 
5 present no difficulty. They may be 
interpreted as simply reflecting the 
reduction of drive and, therefore, of 
sEp, to nearly zero. It is the short 


latencies on the early trials which pre- 
sent a problem. One first suspects 


incomplete satiation. This explana- 
tion, however, cannot account for the 
behavior observed on the fifth day of 
testing under satiation, when food was 
available in the apparatus. Under 
this condition, the available food was 
never eaten; but all Ss responded to 
the panel. The median latency of 
these responses was .2 sec. Thus, when 
there is an additional criterion in 
terms of which to justify the statement 
that the Ss were satiated, it is found 
that they make at least one short- 
latency response. In the light of this 
evidence, one is forced to accept the 
view that some motive other than hun- 
ger in the usual sense was energizing 
this behavior, and (more important) 
that this motive functions in the ab- 
sence of the original motive under 
which the habit was learned. One 
possibility is the operation of an 
acquired drive of the sort postulated 
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by Tolman (9), whose general position 
is that techniques or responses which 
have, in the past, led to primary rein- 
forcement somehow become ends in 
themselves. However, the acceptance 
of this position raises at least two 
questions: (1) Why should this ac- 
quired drive “extinguish” as rapidly 
as the latency changes observed in the 
trials under satiation lead one to sup- 
pose it does? (2) In about 50 per 
cent of the responses obtained under 


’ satiation, the Ss ate the available food, 


even though they just refused the same 
kind of food in a familiar container in 
the apparatus. How shall! this be 
explained? One suggestion is that 
behavior which has previously termi- 
nated: in eating tends to complete it- 
self; i.e., to continue to terminate in 
eating, even when the animal is sati- 
ated. But this is no explanation— 
rather, it is a restatement of an obser- 
vation. 

Fortunately, these questions are 
amenable to experimentation. If the 
behavior observed under satiation is 
mediated by a secondary drive, it 
should be possible to increase the 
strength of a response tendency tested 
under satiation by increasing the num- 
ber of trials for the acquisition of this 
drive. And, if behavior which has, 
in the past, terminated in eating tends 
to complete itself under satiation, then 
the presence or absence of food should 
influence performance even under sati- 
ation when the food presumably has 
no drive-reduction value. One would 
predict a greater persistence of the 
response tendency under satiation for 
conditions where the food is present 
than for conditions where the food is 
absent. 


SUMMARY 


Twelve female albino rats were 
taught a panel-pushing response to 
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obtain food after 24 hr. of food depri- 
vation. Then they were tested under 
different amounts of drive when the 
drive-controlling operations were pre- 
feeding or deprivation. Measurements 
of behavior strength in terms of me- 
dian reciprocal latency of the response 
were obtained after 0, 10, and 15 min. 
of prefeeding, and after deprivations 
of 10 min., 30 min., 50 min., 60 min., 
2 hr., 8 hr., 15 hr., and 24 hr. Asso- 
ciated with prefeeding there occurred 
a rapid decrease in reciprocal latency 
which persisted for the first hour after 
eating to satiation. Between 1 hr. 
and 2 hr. of deprivation a rapid in- 
crease in reciprocal latency occurred. 
Beyond 2 hr. this measure increased 
more slowly up to 24 hr. The shape 
of the function resembles that pre- 
sented by Saltzman and Koch (7) for 
resistance to extinction. It also is 
like a curve described by Hull (1). 
The characteristics of the behavior 


observed under satiation suggest the 
operation of a motive other than hun- 
ger, perhaps an acquired drive of the 
sort postulated by Tolman (9). 


(Manuscript received May 2, 1950) 
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A VERIFICATION OF THE GUESSING-SEQUENCE 
HYPOTHESIS ABOUT SPREAD OF EFFECT 


BY C. A. FAGAN AND A. J. NORTH 
Southern Methodist University 


In 1933 Thorndike (4) reported 
the spread-of-effect phenomenon, ad- 
vancing the hypothesis that reward 
strengthened not only a rewarded 
stimulus-response connection, but, 
also, and to a lesser degree, adjacent 
connections. Since then a number of 
studies (1, 2, 3) have tended to show 
that the “after” gradient (the only one 
reliably demonstrated) may be attrib- 
uted to nonrandom guessing habits. 
That is, a tendency to prefer certain 
sequences of responses over others 
would of itself provide for a gradient 
of repetition after fixated rewarded 
responses. The present study is based 
on an experiment by Sheffield (3), in 
which “subjects were asked to try to 
divine—through clairvoyance—the se- 
quence of random numbers in four 
specified columns of Tippett’s tables.” 
In analyzing the data, Sheffield looked 
only for an “after” gradient. A 
“repeat” was defined as the repetition 
of the same guess in the same ordinal 
position in two successive columns. A 
reliable “after” gradient, not at- 
tributable to reward or punishment 
but, rather, to guessing habits, was 
obtained. 

The present study was undertaken 
in order to verify the guessing-sequence 
hypothesis about spread of effect by 
duplicating Sheffield’s experiment with 
certain additional controls and modi- 
fications. Sheffield allowed his Ss to 
write their guesses in four columns. 
Possibly the sight of what had just 
been written might have influenced 
subsequent guesses. In the present 
study, Ss gave their responses orally, 
so that they could not refer to pre- 
vious guesses. Sheffield’s Ss, further- 


more, simply wrote down a series of 
numerical guesses, but not in response 
to designated stimuli. In the present 
study the adequacy of the guessing- 
sequence hypothesis was tested by 
having Ss guess numbers which had 
been paired with verbal stimuli. 


METHOD 


Twenty-four university students (volunteers) 
served as Ss. The materials consisted of a list 
of 50 adjectives and sheets of paper for tabulat- 
ing S’s guesses. The Ss, who were tested indi- 
vidually, were instructed as follows: 


This is an experiment in extrasensory per- 
ception. I have a list of 50 words which 
have been paired with numbers from 1 
through 10. To insure random pairing of 
the numbers with the words, I put 10 cards, 
each bearing a number from 1 through 10, 
in a box. I shook the box and drew a num- 
ber. I wrote this number beside the first 
word in the list and put the card back in the 
box. I shook the box and drew a card and 
put the number down beside the next word. 
I continued this process until all 50 words 
had been paired with a number. 

This is what I want you to do: I will call 
out a word and I want you to respond with 
any number from 1 through 10. We will do 
this for all 50 of the words. I will go through 
the list 4 times. 

Don’t attempt to follow or devise a pat- 
tern, but guess in a random fashion. If you 
possess extrasensory perception, it will show 
up in guessing rather than in adherence to 
any system. 

Remember, the numbers range from 1 
through 10; guess randomly. 


Do you have any questions? Ready! 


After completion of the first condition of the 
experiment, these additional instructions were 
givea: 

The second part of this experiment con- 
cerns numbers only. Using the method I 
described before, I devised a list of 50 num- 
bers ranging from 1 through 10. When I 
say “Go,” I want you to begin calling num- 
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bers from 1 through 10 in an attempt to 
reproduce this list. Give any of these 
numbers that comes to mind, as there is no 
order or system to the list. You will be 
given 4 trials. I will stop you at the end of 
each list and tell you when to begin the 
next. Try to give the numbers at a fairly 
rapid, even pace. Likethis:2...1... 


Remember, the numbers range from 1 
through 10; guess randomly. 
Do you have any questions? 


Go! 


In order to counterbalance any positional effects, 
half the Ss were presented with the “words- 
numbers” list first, and half began with the 
“numbers-only” list. The instructions were 
modified to fit the particular condition being 
presented first. 


Ready? 


REsuULTs 


Repetitions were classified and scor- 
ed as in Sheffield’s (3) study. Each 
repetition of the same guess in the 
same ordinal position in two successive 
series of 50 responses was scored as a 
“repeat.” For each S the number of 
chance repeats and the number of 
repeats in each of the five positions 
following chance repeats was deter- 
mined. Next for each S the percent- 
age of repetition for each position 
following chance repeats was deter- 
mined. These distributions of per- 
centages, however, tended to be 
positively skewed. Therefore, the 
median rather than the mean was 
chosen as the measure of central tend- 
ency. The median per cent was deter- 
mined for each position in order to 
discover whether an “after” gradient 
of repetition existed. The results are 
shown in Table I. It will be noted 
that in each condition a “chance” level 
of repetition (assumed to be 1 in 10, 
or 10 per cent) was approximated by 
about the third position. 

A problem arose in examining the 
significance of the apparent decreasing 
gradient of repetition. The general 
method adopted was to compare the 
frequency of repetition in the first 
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position with the frequency in each of 
the other four positions. When, how- 
ever, the distribution of differences in 
percentage of repetition between, say, 
position 1 and position 2 was exam- 
ined, the data were found to be too 
variable for purposes of a sensitive 
test of statistical significance. Many 
of the large differences, for example, 
were due to the presence of Ss who 
had made few chance repeats, so that 
a small difference in the frequency of 
repeats would be magnified when ex- 
pressed as a difference in percentage. 
Furthermore, there was a tendency 
toward skewness of the distribution of 
differences in percentages, thus ren- 
dering somewhat questionable the 
application of tests of significance 
assuming normality. The distribu- 
tions of differences in frequencies of 
repetition, however, were not subject 
to the foregoing objections. The logic 
of the test of significance was as fol- 
lows: If there were no downward trend 
in the frequency of repetition from 
position 1 to, say, position 2, then 
the mean of the distribution of differ- 
ences in frequency ought to equal 
zero. The ¢ test of significance was 
applied and evaluated for 23 degrees of 
freedom. In both the “words-num- 
bers” and “‘numbers-only” conditions, 
there were significantly (at. better than 
the .05 level of confidence) fewer repe- 
titions in positions 2, 3, 4, and 5 than 
in position 1. Thus, there was a de- 
creasing gradient of repetition. 
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SUMMARY 


In order to determine if guessing 
habits could account for the spread-of- 
effect phenomenon, and in an attempt 
to verify results obtained by Sheffield, 
24 Ss guessed numbers in the two con- 
ditions of this study. No reward or 
punishment was involved in either con- 
dition. Under the “numbers-only” 
condition, Ss were told that a list of 
50 numbers from 1 to 10 had been 
constructed. Under the “‘words-num- 
bers” condition, Ss were told that a 
list of 50 words had been paired with 
numbers from 1 to 10. As E read the 
words, S guessed orally the corre- 
sponding numbers. Four trials were 
given under each condition. 

A declining gradient of repetition 
was found under both conditions of 


351 


the experiment. The results follow 


those obtained by Sheffield and sup- 
port the possibility that spread of 
effect may be accounted for in terms 
of guessing habits. 


(Manuscript received May 15, 1950) 
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CONDITIONING IMAGERY 


BY CLARENCE LEUBA AND RALPH DUNLAP 
Antioch College 


Classical conditioning has been mo- 
tor conditioning, involving simple 
muscular or glandular responses. It 
has been produced mainly in animals 
and ‘in infants. Attempts to condi- 
tion more complex reactions and in 
adults have met only with indifferent 
success. The notion has accordingly 
developed that, as a principle of learn- 
ing, conditioning could only account 
for certain limited, simple forms of 
learning. It is generally considered 
inadequate to explain learning involv- 
ing total situations, complex patterns 
of response, and especially the num- 
erous symbols which loom so large in 
the thoughtful learning of the adult or 
older child. 

It is the purpose of this paper to 
describe the procedures whereby a 
type of symbol, namely imagery, can 
function as a conditioned stimulus in 
adults. This is an extension of what 
has come to be known as sensory con- 
ditioning. 

Previous experiments have shown 
that sensory conditioning can be pro- 
duced by using the same general pro- 
cedures as in classical motor condi- 
tioning (1, 2). For instance, an S 
will report the odor of creosote when a 
bell is rung, if the bell has been rung a 
number of times while S was actually 
smelling creosote. The present exper- 
iment was designed to determine 
whether such conditioned sensations 
could be elicited by imagery of the 
conditioned stimulus, i.e., by merely 
imagining the sound of the bell. 

In some of the sensory conditioning 
experiments (1), hypnosis had been 
found useful for excluding irrelevant 
variables, for securing concentration 
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on the conditioned and unconditioned 
stimuli, and for producing amnesia for 
the conditioning session. It was used 
in this experiment for these same 
purposes. 


MeETHOD 


Four Ss, after having shown the phenomena 
typical of deep hypnosis, were put through the 
following procedures: (1) a conditioning session 
under hypnosis in which S concentrated on two 
sensory phenomena, such as the sound of a bell 
and a pin prick to the hand; (2) awakening from 
hypnosis, after amnesia had been created for the 
conditioning session; (3) while in the waking state 
being asked to imagine a number of situations, 
used as controls, and to report any experiences 
which might occur in response to them; and (4) 
being asked to imagine the conditioned stim- 
ulus—such as the sound of the bell—and to 
report any experience appearing in response to it. 

The Ss were college students who responded to 
a request for persons interested in being hypno- 
tized and in whom deep hypnosis was readily 
produced. 


REsULTS 


For all four Ss and in each of a 
variety of situations, conditioned sen- 
sations (imagery) usually appeared in 
response to imagining the situation to 
which those sensations had originally 
been conditioned. This occurred even 
though S had no memory of the condi- 
tioning session and was, therefore, 
much puzzled by suddenly experienc- 
ing “shooting pains” in the hand, for 
example, when imagining that a bell 
was being rung. 


Protocols: J. L. 


When J. L. gave evidence of being deeply 
hypnotized, her attention was directed to sensa- 
tions in her right hand and to sounds. A small 
doorbell was sounded, and simultaneously E 
pricked S’s right hand with an algesiometer sev- 
eral times. S was asked what had occurred and 
replied: “I heard a doorbell and a pin pricked my 
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hand.” The stimuli were repeated three times. 
S was awakened following suggestions that she 
would be amnesic for the hypnotic period. When 
questioned later, S reported that she could 
remember nothing except going to “sleep.” S 
was then asked to imagine experiencing the 
stimuli which E read to her and to report any 
ideas or experiences which might accompany the 
imaginings. She was told first of all to imagine 
as vividly as possible that she was smelling gas- 
oline. Her replies to this, and the other imag- 
ined situations were as follows: 


Smelling gasoline—Well, I like that smell. 

Seeing a green light—You mean a traffic 
light? Emerald green? Well, I think of 
how a dark room with a green light looks 
very eerie. 

Hearing a doorbell—[puzzled expression] 
When I imagine the doorbell ringing, I get 
a pain; a sharp pain that goes through me 
(LE: Where?] In my right hand [rubs 
area previously pricked by algesiometer ]. 
It’s a sharp movement, like a needle; it 
comes and goes. 

Hearing a train whistle—I think of it when 
I am in bed, not asleep but just about to 
go asleep; and how it sounds far off but 
really isn’t. 


Protocols: J. M. 


With J. M. two conditionings were attempted 
in one hypnotic period. First a mixture of creo- 
sote and oil of cloves was held under S’s nose 
while E snapped his fingers loudly. S was asked 
to identify the stimuli. The second conditioning 
employed the same stimuli as for subject J. L. 
and proceeded similarly, except that J. M. iden- 
tified the bell as an alarm clock going off rather 
than a doorbell. After the hypnotic period, S 
was asked to report whatever he experienced 
while imagining certain situations: 


Seeing a green light—I think of envy. 

Tasting something salty—I think of being at 
the ocean—the mist. 

Hearing someone snap his fingers—[shook 
his head, said nothing ]. 

Smelling gasoline—Fire, I think of fire. 

Hearing an alarm clock go off—[surprised 
expression ] I felt a sharp pain in my left 
hand [rubs it]. 


The S was asked to imagine each of the situations 
again, increasing the vividness of the imagery if 
he could. S replied that he thought he wasn’t 
very good at imagining and that it was difficult 
for him to imagine these things. On this second 
time through the list he was asked specifically 
after each situation about any experiences he 
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might have. None of the situations awakened 
any experiences. S said he could not imagine 
the situations at all vividly; he said the image of 
the alarm clock going off was brief and that he 
could not imagine it at all the second time 
through the list. 


Protocols: J. J. 


In the first session with J. J., he was pretested 
for his responses to the imagined situations. The 
situations and his responses to them were as 
follows: 


Smelling gasoline—burning flames. 

Seeing a green light—I keep seeing white 
through the green. 

Hearing a doorbell—someone answering the 
buzzer or doorbell. 

Hearing the radio receiver hum—a record. 


After deep hypnosis had been induced, the door- 
bell and the pin prick to the hand were paired 
three times. When S was asked what he had 
heard, he called the doorbell a buzzer. Upon 
being awakened he was again asked for his asso- 
ciations to the imagined situations for which he 
had been pretested. He now gave the following 
responses: 


Gasoline—driving an automobile. 

Green light—[S closed his eyes] a dark 
room. 

Buzzer—Feels sort of like being stuck by a 
pin, can’t locate it particularly. Funny 
idea. [S rubbed his hand; then looked 
at it. ] 

Radio hum—hear a record. 


In the second session, J. J. was pretested for 
his responses to the following imagined situa- 
tions: 


Hearing someone blow a_ whistle—heart 
jumps; scares me. 

Having someone rub your arm—{[no re- 
sponse ]. 

Tasting salt—water. 

Seeing a red piece of paper—{closes eyes; no 
response ]. 


The situation used in the conditioning under 
hypnosis vas smelling oil of cloves while E 
rubbed S’s arm just below the shoulder. These 
stimuli were paired for less than a minute. S 
reported that the arm-rubbing alone was then 
sufficient to cause him to smell the odor of oil of 
cloves. After the hypnosis had been terminated 
and S was amnesic for the hypnotic period, he 
responded as follows to the list of imagined 
situations: 
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Whistle—train. 

Arm being rubbed—{Sniffs.] Some kind 
of chewing gum, Beechnut or spearmint— 
no, not spearmint. A strong smell, more 
like cloves. 

Salt—feels dry. 

Red paper—sun. 


CS wrinkled his nose. ] 


A third experimental session with J. J. followed 
immediately the one just reported. S was re- 
hypnotized and instructed to hear and respond 
toanew E. This E gave S a bottle of camphor 
to smell. S reported that it smelled like Vicks 
(presumably the medicament, Vicks Vapo-Rub). 
S was then asked to open his eyes and was given 
a white card on which a simple geometric design 
had been drawn with a red crayon (a small square 
enclosed by a slightly larger one which touched 
the small square only at the latter’s corners). S 
was told to gaze intently at the design while 
sniffing the camphor. After about a minute of 
this, S was told to close his eyes, the camphor 
bottle was removed, and hypnosis was continued 
fora short time. S was then awakened, amnesic 
for the hypnotic period. After a brief conver- 
sation, S was given a blank card, requested to 
look at it, and to report if anything should appear 
on it. He was then requested to imagine the 
following situations one after another: hearing 
the tolling of a bell, having someone rub his arm 
just below the shoulder, smelling Vicks Vapo- 
Rub, drinking coffee, and eating roast beef. 
Only when he was imagining himself smelling 
Vicks Vapo-Rub did something appear on the 
card. To this olfactory imagery, he responded 
as follows: “This sounds silly, but there is some- 
thing there all right; some geometric form, like 
a triangle. It’s red and a square or a triangle. 
LE: Is it like a circle?] No, more like a... 
maybe I could draw it. [On a blank card, S 
drew two figures.] No, that’s not right.” S 
then drew an almost exact replica of the figure 
which had been used in the conditioning process. 
He seemed satisfied with his second drawing 
except that he thought that perhaps the small 
square might extend beyond the diamond-shaped 
one, but eventually decided that it did not. 

When J. J. imagined having his arm rubbed 
just below the shoulder, he did not see anything 
on the card, but he did wrinkle his nose and rub 
it. This response apparently had not been com- 
pletely extinguished in the previous session. 


Protocols: H. W. 


After H. W. had been deeply hypnotized, he 
was shown a 3 by 5 in. white card on which a 
small diamond with the letter S in the center had 
been drawn with a red crayon. Simultaneously, 
a tin snapper was sounded for approximately 30 
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sec. Upon being awakened amnesic for the hyp- 
notic period, a brief conversation ensued after 
which S was given a blank white card and asked 
to look at it and to report if anything should 
appear on it as he imagined various things: (1) 
eating and tasting roast beef, (2) smelling 
ammonia, (3) hearing a metal snapper, (4) feeling 
velvet cloth, and (5) smoking a cigaret. S did 
not report anything on the card, except when 
imagining the sound of a snapper. At that 
point, he smiled, looked intently, and reported 
seeing a “diamond.” £E inquired: “Any color?” 
S replied: “Yes, red; and there’s a red S in the 
middle of the diamond.” S then turned the 
cardover. “Itistheretoo. It’s vague now and 
disappears.” After the design had disappeared, 
E actually snapped the snapper a number of 
times. S smiled, looked more intently at the 
card, and said, “It’s there when you snap the 
snapper.” _ He examined the card carefully and 
said, “What goes on here?” 


In most cases the Ss seemed genu- 
inely surprised and puzzled by the 
conditioned sensations. The latter 
appeared suddenly and as if out of the 
blue. They seemed incongruous. It 
just didn’t make sense to J. J., for 
instance, that a geometrical design 
should appear on a blank card when- 
ever he thought of the odor of Vicks 
Vapo-Rub. He examined the card 
carefully for a concealed drawing on it. 
It seemed equally preposterous to 
J. L. that whenever he thought of a 
doorbell, he got shooting pain in his 
right arm. 

That the Ss were merely trying to 
do what they thought the hypnotist 
expected them to do, is contradicted 
by this automatic and involuntary 
character of the conditioned sensa- 
tions. It is contradicted also by the 
following facts: The Ss were unaware 
of the possibility of sensory condition- 
ing and that the experiment dealt with 
it; in some cases, the Ss did not at 
first consciously associate the condi- 
tioned sensation with what they had 
just been asked to imagine; the Ss 
were in a normal nonhypnotized state 
when the tests were run; and it did 
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not make any difference to have the 
tests run by an E other than the 
hypnotist. 


CONCLUSIONS 


In this experiment we have shown 
that imagery may occur in response to 
imagining the stimuli to which it has 
previously been conditioned. We used 
only simple sensory phenomena, such 
as the sound of a bell or a pin prick. 
It remains to be seen whether the 
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imagination of more complex patterns 
can also become determiners of com- 
plex experiences through a typical con- 
ditioning process. 


(Manuscript received May 20, 1950) 
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FACILITATION AND INTERFERENCE ‘IN PERFORMANCE 
ON THE MODIFIED MASHBURN APPARATUS: 
Il. THE EFFECTS OF VARYING THE AMOUNT 
OF INTERPOLATED LEARNING! 


BY DOROTHY E. McALLISTER AND DON LEWIS? 


State University of Iowa 


The first paper of this series (2) 
was concerned primarily with losses in 
performance on the standard Mash- 
burn task during the early stages of 
relearning (RL) when a constant 
amount of interpolated learning (IL) 
of the reversed task was given subse- 
quent to different amounts of original 
learning (OL). Amounts of learning 
were specified in terms of number of 
practice trials. Results for experi- 
mental and control groups showed 
clearly that significant amounts of 
of both facilitation and interference 
appeared during IL, that the amount 
of retroactive interference was de- 
pendent on the amountof OL, and that 


acquired skill in performing on the 
standard task changed very little, if 
at all, over periods of several days 


without practice. As a consequence 
of the latter finding, a separate con- 
trol group was not needed for each 
experimental group. 


For the analysis of the effects of different 
amounts of OL and IL, 12 experimental groups 
were used. After 10, 30, or 50 trials of OL on the 
standard Mashburn task, Ss received 10, 20, 30, 
or 50 trials of IL on the reversed task, and then 
relearned the standard task for 20 trials. All 
trials were given at the rate of 10 per day, and 
each trial was for 2 min., with 15-sec. intertrial 
rest periods except for a 2-min. rest between trials 
5 and 6. Practice occurred on consecutive days 
(including Sundays). On each trial S made as 


1 This work was done under Contracts N5ori- 
57 and N9onr-93801 between the State Univer- 
sity of Iowa and the Special Devices Center, 
Office of Naval Research. 

2 Alfred H. Shephard, Walter Spieth, and 
James L. Hedlund gave valuable assistance in 
running the Ss and analyzing the data. 


many matches of response and stimulus lights as 
possible. In addition to a matches score, each S 
made an error score. An error was counted 
whenever S, immediately after completing one 
match, moved a control in a direction opposite to 
that required for completing the next match. 
Three errors were possible on each match, one on 
each control (1). 


The data used in comparing the per- 
formances of the various experimental 
groups consisted of trial-by-trial means 
of number of matches and means of 
total number of errors. A decrease in 
the number of matches from the last 
trial of OL to the first trial of RL has 
been taken as a sign of interference. 
An increase in errors from the last OL 
trial to the first RL trial also signifies 
interference. Facilitation in perform- 
ance is indicated by increases in 
number of matches and/or decreases 
in number of errors. 


Errects OF VARYING THE 
Amount or IL 


Analysis of the facilitating and inter- 
fering effects of four different amounts 
of IL preceded by one of three amounts 
of OL requires that the 12 experi- 
mental groups be arranged into the 
three subexperiments indicated in the 
first column of Table I. With two 
exceptions, the 12 groups were the 
same as those used in studying the 
effects of different amounts of OL (2, 
Table I). The exceptions were Groups 
29B and 31A. Groups 29 and 31, 
which are not included here, failed to 
reach levels of performance during OL 
which were comparable to the levels 
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attained by the other groups within 
their subexperiments. These differ- 
ences were statistically significant. It 
was necessary, therefore, to replace 
Groups 29 and 31 by new Groups 29B 
and 31A. 


Because the four groups in each of the three 
subexperiments did not perform identically dur- 
ing OL, it was necessary to evaluate the differ- 
ences that appeared. For this purpose, analysis 
of variance techniques (3) were employed. Sim- 
ple variance analysis was applied separately in 
relation to the individual matches scores and 
individual error scores for the four groups in each 
subexperiment. For Subexperiment E, tests 
were made on the scores on trial 10 of OL and on 
trial 1 of IL; for Subexperiment F, tests were 
made on trials 10 and 30 of OL and trial 1 of IL; 
and for Subexperiment G, tests were made on 
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trials 10 and 50 of OL and trial l of IL. No 
F-ratio was significant at the .05 level. 


The mean absolute decrements in 
matches and the mean absolute incre- 
ments in errors on the first RL trial as 
a function of the amounts of OL and 
IL, are given in Table I, and are pre- 
sented graphically in Fig. 1. Also 
included in the table are relative de- 
crements and relative increments ob- 
tained by dividing the absolute 


changes by the corresponding means 
on the last trial of OL. 

In the left-hand graph of Fig. 1, 
decrements in matches are plotted 
against amounts (days) of IL, while 
increments in errors are plotted against 
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DAYS OF INTERPOLATED LEARNING 


Fic. 1. Decrements in matches and increments in errors from the last OL trial to the first RL 
trial as a function of the days of IL following 1, 3, or 5 days of OL 
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TABLE I 


DecreMENTs IN Matcues AND INCREMENTS IN Errors FROM THE Last Triat oF OL To THE 
First Triat or RL as a Function or Dirrerent Amounts or OL anv IL 








Days of Practice 


Mean Absolute Change Mean Relative Change** 





Group 
OL IL RL 


Decrement 
in Matches 


Increment 
In Errors 


Decrement 


Increment 
in Matches 


In Errors 





15 
30 
16 
17 


18 
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21 
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—0.053* 
0.052 
0.064 
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0.074 
0.245 
0.429 
0.354 


0.108 
0.296 
0.410 
0.429 


0.109 
0.930 
0.830 
0.898 


0.146 
1.095 
0.829 
1.069 
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0.092 
0.780 
1.861 
1.410 
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* The minus sign indicates that there was an increment instead of a decrement. 
** The relative decrements and increments were obtained by dividing the absolute decrements 
and increments by the corresponding means on the last trial of OL. 


amounts of IL in the right-hand graph. 
Each curve in the figure depicts data 
for the groups in one of the subexperi- 


ments. The curves are labelled on 
the basis of the number of days of OL. 

It will be seen that, in general, the 
absolute amount of interference, as 
represented by decrements in matches 
and increments in errors, increases 
with increases in the amount of IL. 
None of the inversions which appear 
in the curves in Fig. 1 is significant at 
the .10 level of confidence. 

Relative decrements in matches and 
relative increments in errors are given 
in the last two columns of Table I. 
In general, the relative decrements in 
matches increase, for each subexperi- 
ment, with increases in the amount of 
IL. There is only one inversion— 
between Groups 19 and 20. The rela- 
tive increments in errors are less con- 
sistently related to the amount of IL. 
The least amount of IL in each sub- 
experiment yielded the smallest rela- 
tive increment in errors, but there was 


at least one inversion of the relative 
increments in each subexperiment. 

The mean decrements in matches 
and the mean increments in errors 
shown in Table I have been evaluated 
within each subexperiment to deter- 
mine the significance of the differences 
among them. The results appear in 
Table II. The individual decrements 
for Ss in each of the four groups in 
each subexperiment were first sub- 
jected to simple analysis of variance* 
(3). The within-groups sum of squares 
for each subexperiment was used to 
calculate the standard error of the dif- 
ference between the decrements for 
any two groups in the subexperiment. 
This error term was then employed in 
applying the ¢ test for unrelated meas- 
ures (3). 


3 The F-values for matches were 8.52, 12.50, 
and 7.87 for Subexperiments E, F, and G, respec- 
tively, with either 3 and 34 or 3 and 36 df. All 
three values are significant beyond the .001 level. 
The F-values for errors were 8.17, 6.39, and 15.82 
for Subexperiments E, F, and G, and all are 
significant at the .01 level or better. 
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As will be seen, some of the differ- 
ences are highly significant. This was 
usually the case for differences be- 
tween groups having 10 trials (one 
day) of IL and those having 30 or 50 
trials, as would be expected from the 
relative magnitude of the decrements 
in Table I and from the appearance of 
the curves in Fig. 1. Some of the 
differences between the matches decre- 
ments and between the error incre- 
ments were lacking in statistical signi- 
ficance. However, except for the 
inversions already noted above, there 
was a general trend for the decrements 
and the increments to increase with in- 
creases in the amount of IL. 


TABLE II 


SIGNIFICANCE FOR DIFFERENCES BETWEEN THE 
Means or DecrEMENTS IN MATCHES AND 
THE Means or INCREMENTS IN Errors 
FROM THE Last TRIAL or OL To 
THE First Triat or RL 





Amounts of 
IL in Days 


Groups 
Compared 








15 & 30 
15 & 16 
15 & 17 
30 & 16 
30 & 17 
16 & 17 


18 & 29B 
18 & 19 
18 & 20 
29B & 19 
29B & 20 
19 & 20 


21&31A 
21 & 22 
21 & 3 
31A & 22 
31A & 3 
22 & 3 
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i bladed 
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3.52¢* 
2.15* 
1.50 
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* Significant at the .05 level of confidence, but 
less than .O1. 

** Significant at the .01 level, but less than 
001. 

*** Significant at the .001 level, or better. 

**** Comparisons in Subexperiments E, F, 
and G based on 34, 34, and 36 df, respectively. 
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TRIALS LAST TEN TRIALS FIRST TEN TRIALS 


Fic. 2. Matches and errors on last 10 OL 
trials, last 10 IL trials, and first 10 RL trials 
when 1, 2, 3, or 5 days of IL follow 1 day of 
OL. The days of IL are indicated beside the 
coded curves in the center section of the figure. 


The performance of groups on RL 
trials other than the first must, of 
course, be considered in formulating 
generalizations regarding the effect of 
the different degrees of interpolated 


learning. In Figs. 2, 3, and 4 are pre- 
sented the matches and total-error 
curves for the first 10 RL trials after 
the four degrees of IL which followed 
1,3,and 5 daysofOL. The left-hand 
graph in each figure shows the last 10 
trials of OL,‘ the middle graph shows 
the last 10 trials of IL, and the right- 
hand graph shows the first 10 trials of 
RL. 

The performance of the groups on 
RL trials other than the first tends to 
confirm the findings already men- 
tioned. A study of the RL curves in 


‘A comprehensive and detailed record of the 
performance of Group 20 is presented graphically 
in Fig. 1 of the paper by Lewis, McAllister, and 
Adams (2). 
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MATCHES AND ERRORS 
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Fic. 3. Matches and errors on last 10 OL trials, last 10 IL trials, and first 10 RL trials when 
1, 2, 3, or 5 days of IL follow 3 days of OL. The days of IL are indicated beside the coded curves 


in the center section of the figure. 


Figs. 2, 3, and 4 reveals that, as a rule, 
the groups in each subexperiment re- 
tained the same relative positions 
through the first several RL trials. 
For some groups, the effects of the 
interpolated practice seemed to per- 
sist beyond the first day of RL. 


Discussion 


Two widely known studies of inter- 
ference in rote serial learning, one by 


McGeoch (4), the other by Melton 
and Irwin (5), showed that with some 
fixed amount of OL, an increase in the 
amount of IL results in an increase 
in the amount of retroactive inhibi- 
tion, with the maximal amount of inhi- 
bition occurring with intermediate 
amounts of IL. The decrease in 
amount of inhibition at high levels of 
IL was not confirmed for paired-asso- 
ciates learning either by Thune and 
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Underwood (6) or by Underwood (7), 
but all four of the investigations re- 
vealed that the number of overt intru- 
sions during RL decreases when IL is 
carried to high levels. 

In the present experiment, there was 
some indication that the largest 
amount (five days) of interpolated 
practice induced less interference than 


50 
OL 
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an intermediate amount (three days), 
when OL had been for three or five 
days, but not when OL had been for 
only one day. However, the results 
must be interpreted with caution. 
None of the inversions of the general 
trend was significant. Also, the groups 
within the subexperiments were not 
brought to a uniform performance 


iL RL 
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TRIALS LAST TEN TRIALS FIRST TEN TRIALS 


Fic. 4. Matches and errors on last 10 OL trials, last 10 IL trials, and first 10 RL trials when 
1, 2, 3, or 5 days of IL follow 5 days of OL. The days of IL are indicated beside the coded curves 
in the center section of the figure. 
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level, but were given the same num- 
ber of practice trials. Even though 
the four groups in each subexperiment 
were shown by analysis of variance 
techniques to be comparable in ability 
to perform, there may actually have 
been differences in ability which led to 
the inversions displayed in Fig. 1. 

If later experiments on motor learn- 
ing should show that, with some uni- 
form amount of OL, some large amount 
of IL induces less interference at the 
outset of RL than some lesser amount, 
the results might be explained by a 
kind of two-factor theory. In the 
paper by Lewis, McAllister, and Adams 
(2), which analyzed the effects of vary- 
ing the amount of OL, it seemed likely 
that two factors—facilitation and 
interference—operated together in 


some complex manner to determine 
the over-all level of performance. 

It seems reasonable to suggest that 
retroactive facilitation and retroac- 
tive interference combine in some way 


to determine performance during the 
initial stages of relearning the standard 
Mashburn task subsequent to practice 
on the reversed task. Retroactive 
interference may well consist of inap- 
propriate response tendencies—those 
developed during IL. Retroactive 
facilitation may consist of either gen- 
eralized or specific response tendencies 
developed in relation to the stimulus 
lights and the three controls tenden- 
cies further strengthened during IL 
which are entirely appropriate to the 
performance of the standard task dur- 
ing the relearning process. 

In the acquisition of high levels of 
skill in performing the reversed Mash- 
burn task during interpolated prac- 


5 Not to be confused with the two-factor theory 
developed by Melton and Irwin (5) primarily to 
account for the observed decrease in the amount 
of retroactive inhibition which accompanied in- 
creases in the amount of IL beyond an inter- 
mediate amount. 
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tice, Ss may very conceivably develop 
tendencies to respond which contrib- 
ute positively to the performance of 
the standard task. If they do, retro- 
active facilitation might be expected 
to become apparent (that is, to over- 
ride some of the effects of retroactive 
interference) only after relatively large 
amounts of IL. 

The foregoing discussion should be 
regarded as highly tentative. A fu- 
ture investigation will be aimed at 
determining whether the inversions in 
the present data are genuine or mere 
chance variations. 


SUMMARY 


Twelve groups of Ss, divided into 
three subexperiments of four groups 
each, were given different amounts of 
OL and different amounts of IL on the 
Modified Mashburn Apparatus, to 
determine the effects of variations in 
amount of IL on performance during 
the initial stages of RL. The four 
groups in each subexperiment were 
given a fixed number of OL trials— 
either 10, 30, or 50—and then had 
either 10, 20, 30, or 50 IL trials. All 
groups relearned the original task 
under the same conditions. The re- 
sults could be interpreted without 
reference to the performance of control 
groups. 

It was found that, in general, for 
each of the three fixed amounts of OL, 
retroactive interference, as measured 
by decrements in mean number of 
matches and increments in mean num- 
ber of errors from the last OL trial to 
the first RL trial, increased with the 
amount of IL. Relative decrements 
in matches also tended to increase 
with the increases in the amount of 
IL. Relative increments in errors 
were less consistently related to the 
amount of IL. 

There were two sizeable inversions 
in the trends of the mean decrements 
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in matches and the mean increments 
in errors. These inversions suggest 
that relatively large amounts of IL 
may tend to induce smaller decre- 
ments in matches and smaller incre- 
ments in errors than some lesser 
amount of IL. However, the inver- 
sions were not statistically significant. 
Furthermore, a firm conclusion on this 
point could not be reached because Ss 
within each subexperiment were not 
brought to a uniform performance 
level during OL but were given an 
equal number of practice trials, mak- 
ing it impossible to state with assur- 
ance that the groups were equal in 
ability to perform. 


(Manuscript received March 27, 1950) 
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TWO-POINT DISCRIMINATION IN VISUAL SPACE AS A 
FUNCTION OF THE TEMPORAL INTERVAL 
BETWEEN THE STIMULI? 


BY MICHAEL LEYZOREK ? 
The Johns Hopkins University * 


In classical studies of spatial dis- 
crimination the stimuli, be they lines, 
points, or spaces, are seen simultane- 
ously by the observer while the judg- 
ment is made. The problem dealt 
with here concerns the precision of 
localization when the points to be dis- 
criminated are separated in time as 
well asin space. This problem can be 
elaborated as follows. Let S; and S; 
be two easily visible points of short 
duration which are presented succes- 
sively in different positions. When 
the interval, 7, between S,; and S, 
equals zero, the two points are seen 
simultaneously and discretely if the 
distance, D, between them is discrim- 
inable. In this case a simple spatial 
discrimination is made. As T in- 
creases from zero to approximately .02 
sec., the perceptual situation remains 
unchanged, but at .02 sec. apparent 
movement of S, begins to appear if D 
is small enough. For values of T 
between .03 and .20 sec. the apparent 
movement of S, to S; is very evident. 
As T increases beyond .20 sec., S; and 
S; are perceived discretely in time 


1 This investigation was performed under Con- 
tract N5-ori-166, Task Order I, between the 
Special Devices Center, Office of Naval Research, 
and The Johns Hopkins University. This is 
Report No. 166-I-125, Project Designation No. 
NR-784-001, under that contract. 

2 Now at Psychology Branch, Naval Research 
Laboratory, Washington 20, D.C. ; 

3 The writer is indebted to Drs. A. Chapanis, 
W. R. Garner, and J. W. Gebhard for their help- 
ful suggestions concerning this problem. Mr. 
E. J. King gave invaluable advice and assistance 
in the design and construction of the apparatus. 
Many thanks are due the Ss for their diligent and 
careful efforts in an arduous task. 


without apparent movement, and the 
discrimination of their relative posi- 
tions becomes the problem under con- 
sideration here. 

A number of factors may affect this 
kind of judgment. Differences in the 
characteristics of the retina from one 
point to another, eye movements be- 
tween the presentation of S,; and S:, 
and the number of cues or references 
available in the visual field are some 
of these. The nature of the memory 
process must also be considered. Other 
things equal, memory for the position 
of a point should deteriorate in the 
same general fashion as is classically 
predicted for any memory trace, 
namely, as a negatively accelerated 
exponential function. Within rea- 
sonable limits, characteristics such as 
size, brightness, color, and shape of 
the stimuli and background should be 
of secondary importance. 

Of the many relevant parameters 
only two were selected for study of 
their effect on this function. These 
were: (a) two different degrees of vis- 
ual field complexity and (4) foveal 
observation with uncontrolled eye fix- 
ation versus peripheral observation 
with controlled eye fixation. 

Earlier work on this problem—A 
search of the literature has unearthed 
no prior attack on the problem of 
spatial discrimination as it is here for- 
mulated. Although many studies are 
peripherally related to this problem, 
only one is of direct interest. Nixon 
(2), investigating immediate memory 
for spatial position, presented Ss with 
patterns of black dots on a white cir- 
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cular field. After intervals of 3, 5, 
and 10 min., the Ss attempted to repro- 
duce the positions of the dots on sheets 
of paper. Nixon found that errors of 
reproduction increased with time be- 
fore recall and with the number of dots 
in the pattern being recalled. Indi- 
vidual differences between Ss and the 
position of the dots with respect to the 
frame of reference exerted less influ- 
ence on the accuracy of recall. 


Apparatus, SUBJECTS, AND 
PROCEDURE 


The visual problem.—The visual problem pre- 
sented to the Ss was a square white screen 4 ft. 
on a side, seen at the end of a long, narrow room 
as shown in Fig. 1. The viewing distance was 
12 ft. The points, S; and S:, appeared in the 
central area of the screen as small white dots, 
each subtending a visual angle of slightly less 
than 3 min. of arc. The S viewed the screen 
binocularly and without restriction of head move- 
ment. This manner of observation was specified 
in order to get the desired data under “normal” 
or ordinary conditions of visual search. Occa- 
sionally it was found that S obtained head sup- 
port by use of his forearms and hands. 
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Depending upon his instructions, S observed 
the stimuli either foveally or peripherally 
with the help of a fixation light. When the 
fixation light was used, it appeared continuously 
as a small red spot of light to the right of the 
center of the screen. In this situation S saw 
S, and S; approximately 5° to the left of the 
fixation light. 

Using either foveal or peripheral observation 
as required, S made judgments both in light 
and in complete darkness. When judgments 
were made in light, the screen was diffusely front- 
lighted from sources invisible to S. The screen 
surface itself was perfectly homogeneous at the 
12-ft. viewing distance, but the screen boundaries 
and details of the interior of the experimental 
room were clearly visible. Because of the front- 
lighting, nothing behind the screen could give 
cues to S as to the probable location of the 
stimulus points. 

No visual cues were available to S when he 
worked in complete darkness. In this situation 
the screen itself could not be located in advance 
of the presentation of S; and S,, With the fixa- 
tion light S could tell approximately where the 
stimuli would appear but still could not see the 
screen. 

To allow S sufficient time for finding S; and 
fixating it under all conditions of observation, S; 
was given a duration of slightly more than 1 sec.; 
S, had a duration of 0.5 sec. 
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Fic. 1. A view through the side of the experiment room showing details of the apparatus and its 
arrangement with respect to the subject 
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That part of the room behind the screen 
(occupied by apparatus and E£) was completely 
masked off from S by black curtains extending 
from the edges of the screen to walls, floor, and 
ceiling. 

Conditions of observation.—In summary, the 
four experimental conditions of observation were: 
(A) Stimuli presented on a brightly illuminated 
screen, foveal observation, no control over fixa- 
tion; (B) Stimuli presented on an illuminated 
screen, peripheral observation, controlled fixa- 
tion; (C) Stimuli presented in complete darkness, 
foveal observation, no control over fixaticn; and 
(D) Stimuli presented in complete darkness, pe- 
ripheral observation, controlled fixation. 

Apparatus.—The visual display presented to 
S was accomplished with five major items of 
apparatus shown in Fig. 1. (a) An electronic 
light-flash generator of special design (3). This 
provided for precise control of the duration of S; 
and S; and of the interval, 7, between them. 
(6) Two flash tubes (Sylvania Model R 1131A), 
fired by the flash generator. 

These tubes were selected for their sharp on- 
off characteristic, this being almost perfectly 
square. (c)A 4-ft. square translucent white 


screen on which the output from the flash tubes 
was projected by a suitable lens system. This 
glass screen was mounted so that it could be 
raised or lowered to bring its central point to the 
approximate eye height of the S viewing it. (d) A 


mechanical system for positioning the flash tubes 
and the fixation light behind the screen. (¢) 
Two vertically mounted 40-w. fluorescent lamps 
(GE “daylight’”’) 40 in. long, one on each side of 
the screen frame, provided the diffuse front-light- 
ing for the screen. 

Additional contrast was needed between the 
stimulus points and the screen background for 
Condition B in which S viewed the stimuli pe- 
ripherally in the light. To obtain this condition, 
the amount of front-lighting was reduced. The 
need for the increase in brightness contrast in 
this situation was determined empirically, but 
experimental data concerning the sharp decrease 
in differential sensitivity in the periphery as com- 
pared with the fovea have been reported by sev- 
eral investigators, among them Wallace (4), and 
Lamar, Hecht, Schlaer, and Hendley (1). The 
luminance values at which S;, S2, and the back- 
ground were maintained in the various experi- 
mental conditions are presented in Table I. 
These luminance values were established empir- 
ically and gave stimuli which were always clearly 
visible but did not leave undesirable after-effects 
such as after-images, blinding glare, or, in the 
two experimental conditions in which S worked 
in the dark, loss of dark adaptation. 

Procedure.—The four experimental conditions 
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TABLE I 


Luminance VALUES For Stimutus Points 
AND SCREEN 





Luminance in 
Apparent Foot- 
Candies 
Experimental Condition 


Stimulus 


Points Screen 





A. Foveal observation in the 
light, uncontrolled fixa- 
tion — 505.00 

B. Peripheral observation in 
the light, controlled fix- 
ation 293.00 

C. Foveal observation in the 
dark, uncontrolled fixa- 
tion 


D. Peripheral observation in 
the dark, controlled fix- 
ation 


2.85 0.0 











described above were presented to S in 
counterbalanced order. Within each experimen- 
tal condition a separate method-of-constants 
experiment was done with each S to obtain a 
spatial discrimination threshold for each of the 
six temporal intervals studied. The temporal 
intervals chosen ranged from .25 to 16.0 sec. in 
six equal logarithmic steps (ratio = 2.297) as 
follows: .25, .57, 1.32, 3.03, 6.96, and 16.0 sec. 
The lower limit of this range (7 = .25 sec.) was 
selected as the shortest temporal interval between 
S; and S; which would not produce apparent 
movement. The choice of the upper limit was 
based on the results of several preliminary experi- 
ments. In one of these, six intervals in equal log 
steps from .25 to 8.0 sec. were tested, and it was 
found that the curve of the resulting thresholds 
was very flat between the two longest intervals, 
4.0 and 8.0sec. To explore this function further 
in time, it was decided to add a longer interval of 
16.0 sec. Additional experiments with the range 
thus extended showed that six points from .25 to 
16.0 sec. would be sufficient to demonstrate the 
nature of the function under study—hence the 
use of the six steps indicated. 

Table II shows the order in which the major 
conditions were tested with each S and the 
sequences in which the temporal intervals were 
assigned within conditions. As indicated in this 
table, the Ss worked their way through each of 
the constants series until they had completed the 
six series required within a major condition, ¢.g., 
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Condition D. Then they repeated the process 
for the next experimental condition, e.g., C, and 
so on until six complete sets of method-of-con- 
stants data were obtained for each S in each of 
the four experimental conditions. 

Prior to each method-of-constants study for a 
given temporal interval, a preliminary method of 
limits was used to determine the appropriate 
range of distance, D, between S, and S_ which 
would bracket the S’s spatial discrimination 
threshold for the given value of T. Seven equi- 
distant points in this range were used as the final 
stimulus values. Twenty judgments were made 
for each value of D. Thus, each final threshold 
value obtained in a constants series was based on 
140 judgments. 

In an attempt to increase the precision of the 
data, S was required to determine the relative 
position of S; with respect to S,. S, appeared 
at the approximate center of the viewing screen, 
and S3 was presented in one of four positions with 
respect to S;, either above, below, to the right, 
or to the left. S: was presented in each of these 
orientations an equal number of times, the direc- 
tions being randomized throughout a single ex- 
periment or constants series. ‘The S’s judgments 
were forced, since he was never allowed to re- 
port that the stimuli were in the same place. 

Subjects.—Four Ss participated in this study. 
These were young adults, three female and one 
male, from 18 to 30 years old. The vision of all 
Ss was found to be within normal limits. 
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Treatment of the data.—Within each constants 
series (e.g., Condition A, T = .25 sec., D pre- 
sented in seven equal steps from 1 to 7 min. of 
visual angle), the judgments of S were scored, 
and the proportion of correct judgments was cor- 
rected for chance success by the use of the formula 
P. = ¢ (C/N) — 3, where P, = adjusted pro- 
portion of correct responses, C = number of cor- 
rect judgments, and N = 20. It will be noted 
that this correction formula assumes no bias in 
the Ss’ judgments with respect to the four direc- 
tions of presentation of S;. Upon examination 
of the data for indications of such bias, it was 
found that the Ss did not distribute their judg- 
ments equally often among the four directions of 
stimulus presentation. This matter is dealt with 
more fully later. Suffice it to say here that the 
Ss’ biases in this respect did not appear to distort 
the data in any noticeable degree, and conse- 
quently they were not taken into account in the 
correction formula. 

The adjusted proportions were assumed to be 
points on the probability integral of a normal 
frequency distribution and, for a given set of 
constants data, were converted toz scores. The 
z scores were used as y values in a conventional 
unweighted least-squares solution for the best- 
fitting line. ‘The median value of D in each such 
function, obtained by solving for D at the point 
where z = 0, was the final threshold value for 
that particular constants series. Ninety-six such 
threshold values were calculated. 


TABLE II 


ExpeRIMENTAL DesicNn 


The Arabic numbers in the cells below specify the order in which the major experimental condi- 


tions were presented to each observer. 


Each Roman number stands for one of the six temporal 


intervals tested,* and they are arranged from left to right in the sequence in which the corresponding 


temporal intervals were presented within a major condition. 


experimental conditions. 


See text for a description of the 








Experimental Condition 





A 


Cc 


D 








1 
VILIVIIII VI 
4 
IVIVIII V Ill 
3 
IV IV UILIVI 


2 
IV VIIIIIIIV 





2 
III VI VITIV 
1 
IVIIVIIVII 


4 
VILMIIVIIV 


3 
ILIV VII V Il 





4 
VIII V ILIV 
3 
IV VIITHIILV 
2 
III V VILTIVII 


1 
ITI VIV VIII 





3 

ILIV VII VIII 
2 

III VIVIViILI 
1 

ITV IVIIII VI 


4 
VILIVIII VI 





*I = 0.25 sec.; II = 0.57 sec.; III = 1.32 sec.; IV = 3.03 sec.; V = 6.96 sec.; VI = 16.00 sec. 
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REsULTs AND Discussion 


The complete mass of data is shown 
in Table III, which also lists the mean 
threshold values for the four Ss for all 
the values of JT within each condition. 
These mean threshold values 
plotted in Fig. 2. 

From the data of each least-squares 
solution a measure was obtained of the 
standard deviation of each S’s distri- 
bution of judgments around the mean 
or threshold value of D. This vari- 
ability measure, a, is an index to the 
range of D values necessary, within a 
given temporal interval, to get a nor- 
mal proportion distribution of correct 
judgments from approximately zero 
per cent correct at one end to approxi- 
mately 100 per cent correct at the 


are 
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other. These data are presented in 
Table IV, which includes the mean @ 
values for all Ss and conditions for 
each valueof 7. These mean o values 
are plotted in Fig. 3. 

Accuracy of discrimination.—The 
first item of interest in the data is the 
extraordinary precision achieved by 
the Ss in their localization of S;. For 
example, as indicated in Fig. 2, the 
Ss working in Condition A (foveal 
observation in the light, uncontrolled 
fixation) showed that they can dis- 
criminate the positions of S; with 
respect to S; when D = 2.23 min. of 
visual angle and T = .25 sec. The 
threshold increases slowly as 7  in- 
creases and levels off at D = 11.74 
min. of visual angle between T = 6.96 
and T = 16.0 sec. Thus, even when 


TABLE III 


TuresHotp Data 1n Minutes oF Visuat ANGLE For ALL ExpEeRIMENTAL ConDITIONS 
AND TEMPORAL INTERVALS 








Temporal 


Conditions Interval 


Observers 





(sec.) 


mi 
& 
x 
wn 





A. Foveal observation 
in the light, uncontrol- 
led fixation 


— 
Brass 
Awrwnvi 


spas 
_ 
seosyue 


— 





B. Peripheral observa- 
tion in the light, con- 
trolled fixation 


=oo| Fayvrso 
YyCowUNNw 
mrmNV 


o;ine 


Naa tnindo | 2S 
OO ew 
- 
SeeS own! oh wwe 
wa 
SVASRS 
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C. Foveal observation 
in the dark, uncontrol- 
led fixation 


N | PONRENN | OOMNE eS 





D. Peripheral observa- 
tion in the dark, con- 
trolled fixation 
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COMBINED DATA,ALL CONDITIONS 
CONDITION A-O (FOVEAL STIMULATION IN THE 
LIGHT, UNCONTROLLED FIXATION) 


CONDITION 6-4 (PERIPHERAL STIMULATION IN THE 
LIGHT, CONTROLLED FIXATION ) 

CONDITION C-@ (FOVEAL STIMULATION IN THE 
OARK , UNCONTROLLED FIXATION) 


CONDITION D-& (PERIPHERAL STIMULATION IN THE 
DARK, CONTROLLED FIXATION) 


o 
ad 
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> 
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= 
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Vv 
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a 
> 
wn 
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oO 
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oO 
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WwW 
WW 
Lt a 
x= 
e 
# 
(=) 





l l l 
-250 .574 1.319 3.030 6.96 16.0 


TEMPORAL INTERVAL (seconos) 


Fic. 2. Mean spatial discrimination thresholds in minutes of visual angle for all Ss, plotted as a 
function of the temporal interval between the stimuli 








16 sec. elapses between the presen- The thresholds obtained with pe- 
tation of two stimulus points, S can ripheral observation in Conditions B 
discriminate their relative positions (peripheral observation in the light, 
with accuracy comparable to that controlled fixation) and D (peripheral 
achieved by many individuals in ordi- observation in the dark, controlled 
nary tests of visual acuity. fixation) might be expected to be con- 
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siderably higher than the foveal 
thresholds of Condition A. Exami- 
nation of the data in Table III and of 
Fig. 2 shows that while there is a dif- 
ference between foveal and peripheral 
thresholds for the shorter time inter- 
vals, this difference becomes small at 
T = 3.03 sec. and virtually disappears 
at T = 6.96 sec. and beyond. This 
suggests that, in this kind of observa- 
tion, when peripheral vision is sup- 
ported by a fixation point, the charac- 
teristic inferiority of parafoveal spatial 
discrimination to that of the fovea is 
rapidly overcome as the delay between 
S, and S, increases. 

The probable importance of the fix- 
ation point is further suggested by the 
quite different order of thresholds 
obtained in Condition C (foveal ob- 
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servation in the dark, uncontrolled 
fixation). In this case the thresholds 
rise almost exponentially as a posi- 
tively accelerated function of T from 
a low value of D = 7.45 min. of arc at 
T = 0.25 sec., to over 3° at T = 16.0 
sec. (If the rising threshold in this 
situation were considered a measure 
of S’s “pure” memory for the position 
of S; as a function of 7, then this 
curve could be considered the mirror 
image of a decreasing, negatively ac- 
celerated function describing the decay 
of a memory trace.) It should be 
pointed out here that a spatial dis- 
crimination threshold of as much as 3° 
of visual angle is still rather remark- 
able in this situation. In Condition 


C not only were no visual cues avail- 
able to the Ss to help localize S; and 


TABLE IV 


VaRIABILITY DATA (¢) 1n Minutes oF Visuat ANGLE ror ALL ExpertmenTAL ConpiTIoNns 
AND TEMPORAL INTERVALS 








~ Tem poral 


Conditions Interval 


Observers 





(sec.) 


J. B. 
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A. Foveal observation 
in the light, uncontrol- 
led fixation 
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B. Peripheral observa- 
tion in the light, con- 
trolled fixation 
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C. Foveal observation 
in the dark, uncontrol- 
led fixation 


NNKS | NOHROCSM| MAMN Y= 
WA] Ame ANS] RUWAH—BW! F 


Awe O © 
Own 
Wwrenvi 


Wwe] ORNDAAMW| AMP— OS | # 
“NL O™N 


Dm» 
wom 
BRR RBSENSE 


Cd 


BRASune | warren: 
PESee | cannawn| naene- 


SESS ae 
BARSSR!] ALAR 





D. Peripheral obser- 
vation in the dark, con- 
trolled fixation 
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S2, but apparently the remaining aids 
to orientation, e.g., generalized kines- 
thetic and proprioceptive stimuli, were 
insufficient for locating the screen it- 
self. On a few occasions Ss missed S, 
completely because they were looking 
in the wrong direction, thus requiring 
a repetition of the stimuli. 

Visual field complexity—What of 
the role played by the degree of com- 
plexity or structuring of the visual 
field? For purposes of discussion let 
“complexity” here be defined in terms 
of the number and arrangement of 
clearly resolvable inhomogeneities in 
the field of vision. Granting the diffi- 
culty of defining as well as specifying 
quantitatively the amount of “com- 
plexity” or “structuring” in a visual 
field, we do not think it unreasonable 
to rank the visual stimulus pattern of 
Condition A (foveal observation in the 
light, uncontrolled fixation) as more 
structured than that of Condition C 
(foveal observation in darkness, un- 
controlled fixation). Obviously, the 
visual field pattern presented in Con- 
dition A, while more complex than 
that of Condition C, is still relatively 
simple by comparison with most visual 
stimulus patterns encountered in ordi- 
nary circumstances. A comparison 
of the thresholds obtained in these two 
conditions of observation clearly indi- 
cates the expected superiority of judg- 
ments made with the help of a visible 
and clearly framed background. 

However, another comparison in- 
volving “degree of complexity” gives 
different results, i.e., between Condi- 
tions B (peripheral observation in the 
light, controlled fixation) and D (pe- 
ripheral observation in the dark, con- 
trolled fixation). In Condition B the 
visua! stimulus pattern is essentially 
that in Condition A with the addition 
of a fixation point, while Condition D 
resembles Condition C, with a fixation 
point added. Thus, Condition B is 
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presumably more complex than D, but 
the absolute threshold values in these 
two functions are very similar. In 
this case, the structuring produced by 
the fixation light alone (Condition D) 
appears to be as powerful a factor in 
maintaining good spatial discrimina- 
tion as the presence of a more complex 
visual field (Condition B), produced 
by general illumination of the experi- 
mental room. 

These apparently conflicting find- 
ings concerning the relationship of 
visual field complexity to the accuracy 
of localization suggest a need for more 
precise specification of this factor. It 
is not unreasonable to suppose that 
while spatial discrimination as prac- 
tised here may be a function of visual 
field complexity, such a function is not 
likely tobe monotonic. That is, there 
may be some optimum degree of visual 
field complexity for spatial localiza- 
tion with inferior discrimination result- 
ing from simpler or more complex 
structuring. 

Variability—By comparing the va- 
riability data of Table IV and Fig. 3 
with the threshold data of Table III 
and Fig. 2, it can be seen that the Ss’ 
judgments are more variable as they 
decrease in precision. The r between 
the two measures is high, and the pro- 
portionality between them is nearly 
constant with a ratio of roughly 1:1.5 
through the entire range of values of 


Position bias—It was frequently 
reported by the Ss that S, did not 
appear directly on the rectangular 
coordinate specified for it, namely, up, 
right, down, or left with respect to S}. 
If these positions are given angular 
designations of 0°, 90°, 180°, and 270°, 
then S; was very commonly seen in an 
intermediate angular position such as 
45° when S, was actually at 0°. These 
reports, together with E’s observation 
that, when dealing with difficult or 
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COMBINED DATA, ALL CONDITIONS 


CONDITION A-O(FOVEAL STIMULATION IN THE 
LIGHT, UNCONTROLLED FIXATION ) 
CONDITION B -O (PERIPHERAL STIMULATION IN THE 
LIGHT, CONTROLLED FIXATION ) 
CONDITION C-@ (FOVEAL STIMULATION IN THE 
DARK, UNCONTROLLED FIXATION) 
CONDITION 0D -& (PERIPHERAL STIMULATION IN THE 
OARK, CONTROLLED FIXATION) 


} | 








.250 


TEMPORAL 


574 


Fic. 3. 


1,319 


3,030 6.96 


INTERVAL (SECONDS) 


Mean standard deviations in minutes of visual angle around the Ss’ threshold values 


(all Ss) plotted as a function of the temporal interval between the stimuli 


doubtful judgments, some Ss consis- 
tently reported S, in one direction to 
the exclusion of the others, led to an 
analysis of the data for some kind of 
position bias. This was done by tally- 
ing the number of times S2 was reported 


in each of the four directions (U, D, 
R, L) against the number of times it 
was actually presented in each direc- 
tion. These data are presented in 
Table V. If there is no tendency or 
set to see S, in one particular direc- 
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tion, the ratio of directions judged to 
directions presented should be approx- 
imately the same for all four directions 
of presentation. Two of the Ss (B. B. 
and J. B.) did show a distinct tendency 
to judge S, as being to the right of S, 
or above it more often than in any 
other position. 

If the data are massed for all Ss and 
distributed by major experimental con- 
ditions, a slight preponderance of 
judgments of U and R is again seen, 
but this is probably due to the bias 
found in the data of B. B. and J. B. 
Condition B appeared to be most free 
of such tendency. Since Conditions 
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A and C imposed no restriction on S’s 
eye movements, these should have 
been most favorable to the appearance 
of biased judgments of the direction 
of presentation of S;. When the data 
are recombined so as to compare the 
judgments made in Conditions A and 
C with those of B and D, a preponder- 
ance of R and U judgments is found in 
the data of Conditions A and C, sug- 
gesting that these were, in fact, condi- 
tions favorable to internal position 
bias in the Ss. A similar comparison 


in which the data of A and B com- 
bined are contrasted with those of C 
and D combined shows a larger bias 


TABLE V 


FREQUENCY OF THE Ss’ JUDGMENTS OF THE DireEcTION oF S; with Respect To S;, CoMPARED WITH 
THE AcTuAL Frequency OF PrEsENTATION IN Eacu Direction 


(U = Up, D = Down, R = Right, and L = Left) 





Collected data for individual observers, data of all 


experimental conditions included 


Collected data for different experimental 
conditions, data of all observers included 





Observer B. B. 


REPORTED 


PRESENTED PRESENTED 


PRESENTED 


86 
Total 854 


PRESENTED 


Condition A 
REporTED 
D R 

23 142 

495 241 
69 658 
114 77 

701 1118 
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(in favor of R and U judgments) in 
Conditions C and D than in Conditions 
AandB. This suggests that the pres- 
ence in Conditions A and B of a more 
complexly structured visual field acted 
to reduce the effect of the internal bias 
of S in those situations. 

Another interesting aspect of the 
data is found on examining the distri- 
bution of incorrect judgments for any 
single direction of presentation. For 
example, using the coordinate system 
mentioned earlier, it can be seen that 
for any given stimulus, the response 
180° opposite to it was very rarely 
given in comparison with those at 90°. 
This is a reasonable finding if we con- 
sider the S’s perceptual problem. In 
those instances in which D was small 
and the judgment of the position of S, 
was difficult, S may well have been 
able to see S2 as discrete from S; with- 
out being certain of the direction of 
displacement. In such difficult stim- 


ulus situations S appeared to be 
able to assign S, to within 90° of its 


true position. This suggests that the 
thresholds obtained in this situation 
are probably somewhat higher than 
they might be if secured from Ss under 
instructions to report the classical cri- 
teria of “oneness” or “‘twoness” con- 
cerning the relative position of S, and 
S2. 

Head and eye movements of Ss.—In 
making their judgments the Ss were 
instructed to fixate the position of S, 
during the interval preceding S2, but 
reports obtained from the Ss indicate 
that this procedure was not followed 
consistently. Regardless of the meth- 
od of observation specified and par- 
ticularly during the longer intervals, 
the Ss apparently found it difficult to 
maintain steady fixation on the point 
at which S, appeared. To relieve 
tension during the delay period, they 
frequently either closed their eyes or 
turned their heads away from the 
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screen for some part of the time before 
the presentation of S:. In such in- 
stances their judgment of the position 
of S, was apparently made with respect 
to a memory trace of the position of 
S, and/or of the entire visual field 
pattern, rather than in terms of a con- 
tinuing stimulus representing the posi- 
tion of S;. In view of this unplanned 
irregularity in the mode of observa- 
tion of judgment, the precision and 
consistency of the Ss, judgments are 
again noteworthy. 

Relationship of this kind of judgment 
to other tasks.—Judgments of the kind 
studied here are common to many 
tasks involving a visual search for 
orientation points in space. For ex- 
ample, the seaman who observes the 
position of a revolving or intermit- 
tently flashing beacon in order to check 
on changes in his own position must be 
able to localize each successive flash of 
light accurately. His ability to do 
this depends, among other things, on 
the repetition rate of the light flashes, 
or on the temporal interval between 
them. Similarly, the radar operator 
who attempts to identify or track a 
target represented by a weak signal 
seen momentarily on a radar screen 
must compare the position of each 
signal or pip with his memory of the 
position of preceding pips, as revealed 
by successive rotations of the scanning 
beam or sweep. It is only when the 
location of each pip can be fixed by a 
continuously visible marker of some 
kind that the discrimination of the 
relative position of successive pips is 
independent of the time elapsing be- 
tween them. 

For spatial orientation or discrimi- 
nation problems in which the visual 
reference points are moving and are 
not continuously available to the S, 
the data of this experiment might be 
used to specify the maximum allow- 
able delay between “looks” at the ref- 
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erence points for a given level of dis- 
crimination accuracy. On the other 
hand, given the frequency of observa- 
tion of the spatial references, these 
data make it possible to ‘predict the 
accuracy of localization. 


SUMMARY AND CONCLUSIONS 


1. Four Ss were asked to judge the 
position of the second of a pair of light 
flashes with respect to the first when 
the distance and the temporal interval 
between these stimulus points were 
varied systematically. The temporal 
intervals were .25, .57, 1.32, 3.03, 6.96, 
and 16.0 sec. Four conditions of ob- 
servation were used: 


A. Foveal observation of stimulus 
points presented on a brightly 
lighted screen with no control of 
the Ss’ fixations. 

B. Peripheral observation of stimuli 
presented on a lighted screen with 
the Ss’ eye movements controlled 
by a fixation point 5 deg. to the 
right of the stimulus area. 

C. Foveal observation of stimulus 
points presented in complete 
darkness, fixation not controlled. 

D. Peripheral observation in com- 
plete darkness, fixation controlled 
as in (B). 


2. The range of thresholds obtained, 
from the shortest time interval, .25 
sec., to the longest, 16.0 sec., was as 
follows: 


a) Condition A gave the lowest 
thresholds, 2.2 to 11.6 min. of arc. 

b) Conditions B and D gave approx- 
imately the same thresholds, from 
7.4 to 14.2 min. of arc. 

c) Condition C gave the highest 
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thresholds, from 7.5 min. to 3 
deg. 4 min. of arc. 

d) The variability of the Ss’ judg- 
ments was inversely proportional 
to their precision. 


3. It is concluded that: 


a) Two points can be discriminated 
in visual space with high pre- 
cision even when the points are 
presented successively, separated 
by intervals of as long as 16 sec. 

b) Discrimination is better when the 
points are presented on a clearly 
framed background than when 
they occur without visual refer- 
ence points, as in the dark. 

c) A single fixation point is as effec- 
tive as a more complex visual pat- 
tern in maintaining the precision 
of judgments. For the longest 
temporal interval (7 = 16.0 sec.) 
the fixation point eliminates the 
difference between foveal and 


parafoveal discrimination thres- 
holds. 


(Manuscript received for immediate 
publication February 15, 1951) 
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THE INFLUENCE OF FIGURE-GROUND RELATIONSHIPS 
IN BINOCULAR RIVALRY! 


BY LAWRENCE T. ALEXANDER 
The Johns Hopkins University? 


When corresponding areas of the 
two retinas are stimulated simultane- 
ously by different colors or by figures 
which differ in some respects, then one 
of three things may occur: the fields 
may fuse; only one may be seen to the 
exclusion of the other; or the fields 
may alternate. Thus, if slightly dif- 
ferent plane projections of a solid 
object are presented stereoscopically 
to corresponding areas of each eye, the 
two images will fuse and produce the 
perception of depth. But if one of 
the fields contains a figure of some sort 
while the other is homogeneous, the 
figure will be seen continuously. If 
these two cases represent the extremes 
of a continuum, between them are 
conditions in which the fields alter- 
nate. This alternation has been called 
binocular rivalry. 

Rivalry can be observed in two 
forms: “successive rivalry,” in which 
case the alternation is complete and 
the two fields supercede each other 
completely, and “simultaneous rival- 
ry,’ where both fields are seen at the 
same time but present a patchy ap- 
pearance, i.e., only one or the other of 
the fields is visible at any one place in 


1 An extended analysis of the results of this 
investigation and the present revision were per- 
formed under Contract N5-ori-166, Task Order I, 
between the Special Devices Center, Office of 
Naval Research, and The Johns Hopkins Uni- 
versity. This is Report No. 166-I-127, Project 
Designation No. NR-784-001, under that con- 
tract. 

2 This study is a modification of a thesis pre- 
sented in partial fulfillment of the M.A. require- 
ments in the Ohio State University. The author 
wishes to express his appreciation to Dr. Samuel 
Renshaw under whose direction the original study 
was performed. 
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the visual field. In normal observa- 
tion of stereoscopic rivalry either or 
both of these types may occur. 

Early investigators sought to ex- 
plain the phenomenon of binocular 
rivalry either in terms of gross eye 
movements or in terms of some local or 
central inhibitory state. Breese (1) 
reported that all efforts on the part of 
his Ss to influence rivalry were accom- 
panied by eye movements (in the 
same direction of the movement of 
regard), but that when eye movements 
were prevented, rivalry continued, 
although all sense’ of “will” disap- 
peared. Peckham (6) could find no 
relationship between eye movements 
and rate of alternation of phase length 
of rivalling fields. 

Breese (1) has shown that the rate 
of fluctuation of rivalling fields varies 
directly as the brightness of the inci- 
dent illumination. Further, he show- 
ed (2) that if one of the fields is more 
brightly illuminated than the other, 
the phase length of the brighter is 
lengthened, although there is nochange 
in the rate of fluctuation. Breese also 
reported that if the interval between 
observations is great enough, there 
is no practice effect. Devries and 
Washburn (3) have corroborated the 
findings concerning the influence of 
illumination. 

Washburn (7) has advanced the 
hypothesis that rivalry between the 
visual fields in normal vision is neces- 
sary for the perception of depth. She 
was able to demonstrate that rivalry 
could be observed, without the use of 
a stereoscope, while viewing a solid 
object (8). Essentially, this means 


SSSI ap ESBS mela a ate ante etre 








BINOCULAR RIVALRY 


that binocular rivalry is another cue 
for binocular depth perception. 

These experimental findings may be 
summarized as follows: (1) when two 
fields which are viewed stereoscopi- 
cally, and which differ sufficiently so 
that a unified response cannot be made 
to both, rivalry occurs; (2) the rate of 
fluctuation is increased by increasing 
the incident illumination while a 
brightness difference between the two 
fields merely increases the phase length 
of the brighter; (3) gross eye move- 
ments are not a necessary condition 
for rivalry to occur; (4) rivalry can be 
observed in the free vision of a solid 
object. 

This study is concerned with testing 
the hypothesis that the rate of alter- 
nation in binocular rivalry is a func- 
tion of the “strength” of the alter- 
nating figures. Koffka (4) defines 
figure strength in terms of resistance 
to distortion, impressiveness, internal 
articulation, density of energy, sym- 
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Fic. 1. Four stereograms representing different degrees of “figure strength.” 
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metry, etc. Brightness difference be- 
tween figures and ground (contrast) 
and continuity of figure-contour are 
two characteristics of figure strength 
which can be easily manipulated. 
These will be used to test the hypoth- 
esis. 


PROCEDURE 


All observations were made using thew Rensha 
Stereo-Disparator and were recorded on poly- 
graph tape driven by a constant-speed motor. 
The Disparator is a modified stereoscope, the 
optical system of which consists of a pair of 5- 
diopter split spheres, mounted base out. The 
instrument automatically provides new and cor- 
rect orthophoria positions for each change in thé 
focal distance of the targets from the centers of 
the lenses. It permits a wide range of target 
positions simulating base-out and base-in prism 
effects at any focal distance between far (200 
mm.) and near (131 mm.) points. 

The experimental room was dimly illuminated, 
the main light source being a 10-w. frosted bulb 
on the Disparator. The polygraph was located 
in another room so that distracting noises were 
reduced to a minimum. 

All the stereograms were drawn with Higgins 
Black Waterproof Ink. The left member of each 
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Stereograms 1 


and 2 (S; and §S,) illustrate two levels of figure-ground contrast. Stereograms 3 and 4 (S, and S,) 


illustrate two degrees of contour completeness. 
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TABLE I 


Anatysis oF MEAN Number or Cycies Per MINUTE IN THE Binocutar RIVALRY oF Four 
STeReoGRAMS REPRESENTING DirFeRENT Decrees or Ficure STRENGTH 


(Each mean is based upon ten trials) 








Subjects 





Cc 





Si-S: 


18.20 
13.05 
5.15 
1.32 
3.90 


Ss-Ss 


15.30 
10.35 
4.95 
1.01 
4.90 


Ss-Ss 


20.90 
15.75 
5.15 
1.14 
4.50 






































* One-tailed test. 


pair consisted of four parallel vertical bars, 2mm. 
wide and 25 to 39 mm. long. The right member 
consisted of four parallel horizontal bars of sim- 
ilar dimensions. The bars were drawn within a 
40 mm. diameter circle at the center of which was 
a small cross which served as a fixation point. 
The actual contour of the circle was not drawn. 

Stereograms No. 1 (S-1), No. 3 (S-3), and 
No. 4 (S-4) were drawn on white drawing paper 
the reflectance of which was .70. Stereogram 
No. 2 (S-2) was drawn on grey paper (No. 27 in 
the Hering-Zimmerman series) which had a re- 
flectance factor of .10. Figure 1 is a photo- 
graph of the four stereograms used. 

The contrast between figure and ground in 
S-1 is approximately seven times greater than in 
S-2. In S-3 and S-, outline bars are drawn; in 
S-3, the outline is continuous; in S-4, the outline 
is broken. 

The stereograms were viewed at far point on 
the Disparator, a distance of 200 mm. from the 
centers of the lenses. At this point, all Ss but 
one could comfortably fuse the targets when they 
were at the orthophoric separation of 95 mm. 
One S (M. F.) could only attain fusion at 80 mm. 
separation, indicative of a 7.5 diopter esophoria. 

When S reported for the first time, he was 
given the following instructions to read: 


When you look into the eye-pieces you will 
see a series of vertical lines and a series of 
horizontal lines. In the center of the field 
there will be a cross. You will have three or 
four minutes to become acquainted with the 
experimental situation and to familiarize your- 
self with the phenomenon of binocular rivalry. 


After a while you will notice that the vertical 
lines and the horizontal lines are not seen 
superimposed, as a lattice, but that they appear 
and disappear alternately, in cycles. 


P01 = 3.25; P.0O1 = 4.78; df = 9. 


Fixate the cross in the center of the field and 
report when the cross appears between the ver- 
tical lines by pressing and releasing the key. 
This, together with any change from the ver- 
tical position, constitutes one cycle. A return 
of the vertical lines marks the beginning of the 
next cycle. 


It may be that the whole field will not alternate 
as a unit. 
Use as your criterion the region surrounding 
the cross. 


The Ss were seated in a chair with an armrest 
on which was clamped a telegraph key. They 
observed the rivalry phenomenon for about 1 
min. with each of the four stereograms. Re- 
corded observation began the following day. 

Each session consisted of a 3-min. observation 
of only one stereogram of the four. The first 
minute was regarded as a warm-up period and 
was not counted, although the Ss were not aware 
of this. The number of cycles in the next 2 min. 
were averaged, and the mean obtained consti- 
tuted the score for that session. The next ses- 
sion was conducted in the same manner, with 
another stereogram. All consecutive sessions 
were at least 4 hr. apart. Each stereogram was 
observed ten times by each of five Ss. 

All Ss were undergraduate or graduate stu- 
dents at the Ohio State University. 


REsuLTs 


At the end of each session, S was 
asked to comment upon what he had 
observed. All reported that during 
most of each trial there was simul- 
taneous rivalry in the peripheral por- 


tions of the fields. Alternation was 
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observed only in the region of the 
field about the fixation point. Occa- 
sionally, one figure would disappear 
completely. All Ss mentioned the 
fact that when both figures were seen 
simultaneously, they appeared to be 
in different planes, one behind the 
other. There was no complaint of 
eye-strain or other kinds of fatigue. 

The mean number of cycles per min- 
ute for each S with each stereogram is 
presented in Table I. In order to test 
the hypothesis that “strong” figures 
will rival faster than “weak” figures, 
the mean alternation rate of S-1 was 
compared with that of S-2, and S-3 
with S-4, for each S. Using a t-test 
for differences between correlated 
means, it is possible to reject the null 
hypothesis in all cases well above the 
.O1 level of confidence. 

Figure 2 shows the data for a typical 
subject (A in Table I). Except for 
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intertrial fluctuations, the curves 
maintain a fairly constant level over 
the ten trials. In Fig. 3 are the data 
for Subject E. This is the only case 
in which there appears to be any syste- 
matic increase in rate. 

The data on S-1 and S-2 show the 
effect on rivalry of fields having differ- 
ent figure-ground brightness relation- 
ships, while S-3 and S-4 show the effect 
of different degrees of contour com- 
pleteness. The rivalry rate of the 
“strong” figures, S-1 and S-3, is 
higher than the rate of the “weak”’ 
figures, S-2 and S-4. However, there 
is no uniformity among the Ss with 
regard to the absolute number of cycles 
per minute. The range of rates is 
from 4 cycles per minute for Subject B 
on S-4 to 45 cycles per minute for 
Subject A on S-1. 

In general, the results indicate that 
when viewed stereoscopically, fields 
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Fic. 2. Rate of alternation of rivaling figures of different “figure strength.” Stereogram 1 is 


compared with stereogram 2, and stereogram 3 is compared with stereogram 4. 
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Fic. 3. Rate of alternation of rivaling figures as demonstrated by a subject with a 7.5 diopter 


esophoria at far point. 


which include strong figures alternate 
at a greater rate than fields with weak 
figures. 


Discussion 


The present investigation was con- 
ducted to explore further the factors 
which influence binocular rivalry. 
The phenomenon seems to be related 
to binocular fusion, and its similarity 
to certain other periodic visual phe- 
nomena such as the reversal of am- 
biguous perspective figures, the field 
reorganization exemplified by the 
Rubin cross, and the shift from two- 
to three-dimensional perception of 
plane drawings, indicates that they all 
may be “explainable” by a single prin- 
ciple. 

The Washburn hypothesis suggests 
a relationship between rivalry and the 
perception of depth in free vision. 
Although it may be difficult to test the 
Washburn hypothesis directly, it 


(Subject E.) 


seems likely that an investigation of 
rivalry and of its relation to the depth 
perception which results from the 


fusion of appropriate stereoscopic 
fields may throw some light on the 
problem. 

If we accept the fact that the stere- 
ograms employed in this experiment 
do represent different degrees of figure 
strength, it is possible to relate the 
results obtained to the Kohler-Wal- 
lach (5) theory of cortical satiation. 

The theory states that a figure in 
the visual field is represented in the 
cortex by areas of different potential 
across which a current flows. In the 
course of its existence this current pro- 
duces in the neural substrate a state 
of electrotonus, or satiation, which 
offers progressively greater resistance 
to the continued flow of the figure cur- 
rent or to the flow of any other current 
which may be induced in the same 
area. 
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The assumption is made that a fig- 
ure in one half of a pair of stereograms 
will produce such a state of satiation, 
and, in the course of time, resistance 
will build up sufficiently to halt further 
flow of the current. At that point the 
figure will disappear and the other 
half of the pair will be perceived. The 
whole process will then be repeated. 

Since it may also be assumed that a 
stronger figure will be represented by 
a stronger figural current, which will 
produce a state of satiation more rap- 
idly, it may be inferred that stronger 
figures will alternate at a higher rate 
than weaker figures. 

All Ss stated that when the two 
fields were seen in simultaneous rival- 
ry, they appeared to be in different 
planes. This may indicate that cor- 


tical figure currents exist in three di- 
mensions and may be associated with 
the emergence of the perception of 
depth when appropriate visual dis- 
plays are combined binocularly. 


The Kohler-Wallach study showed 
that the medium in which visual fig- 
ural processes occur is anisotropic in 
the vertical dimension and that figural 
after-effects are stronger in the lower 
half of the field (5, p. 281). Com- 
ments by some Ss in this experiment 
indicate that this anisotropy affects 
rivalry as well. They reported that 
the lower half of the figure disappeared 
completely more often than the upper 
half. 

The results obtained with Subject E 
were different from the others in that 
she showed increasing rates for all four 
stereograms during the course of the 
experiment. Of all the Ss, she alone 
demonstrated an anomalous space pro- 
jection, an esophoria of 7.5 diopters at 
far point. Although this was the only 
outside factor measured, the relation- 
ships involved suggest further inves- 
tigation of the relationship between 
binocular rivalry and visual skills. 


SUMMARY 


An attempt was made to investigate 
the phenomenon of binocular rivalry 
in terms of figure-ground organiza- 
tion. The hypothesis tested was that 
“strong” figures will alternate more 
rapidly than “weak” figures when 
viewed stereoscopically. 

Five Ss viewed four stereograms 
which exemplified two different char- 
acteristics of figure strength. Two 
stereograms illustrated a broken ver- 
sus a continuous contour; two, greater 
and less contrast between figure and 
ground. 

The data substantiate the hypoth- 
esis, and the results are discussed in 
terms of the Kéhler-Wallach theory 
of cortical satiation and the Washburn 
theory that binocular rivalry is a 
necessary condition for the percep- 
tion of depth. 


(Manuscript received for immediate 
publication February 19, 1951) 
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THE EFFECT OF DIFFERENTIAL NONREINFORCEMENT OF 
THE INCORRECT RESPONSE ON THE LEARNING OF THE 
CORRECT RESPONSE IN THE SIMPLE T-MAZE 


BY M. RAY DENNY AND MORTON D. DUNHAM 
Michigan State College 


Despite extensive research on the 
role of reinforcement in the acquisi- 
tion of an instrumental act, there has 
been little research on the effect of 
nonreinforcement of the incorrect re- 
sponse upon the learning of the correct 
response. This is true in face of the 
obvious and considerable use of the 
concept of nonreinforcement in mod- 
ern theories of discrimination and trial- 
and-error learning. Both Spence (5, 
7) and Hull (2, 3) have found it 
necessary to incorporate the concept 
of nonreinforcement into their syste- 
matic analyses and have assigned 
certain decremental or inhibitory prop- 
erties to nonreinforcement. Spence, 
for example, is unable to explain trans- 
position phenomena in stimulus-re- 
sponse terms, as opposed to the Gestalt 
patterning interpretation, without in- 
voking inhibition through nonreward, 
which is levelled primarily against the 
incorrect response tendency. 

Although it is well established that 
continuous! nonreward of a previously 
reinforced response will be followed by 
the extinction of that response, sep- 
arate studies by Spence (6) and Denny 
(1), which were only indirectly con- 
cerned with the role of nonreinforce- 
ment of the incorrect response, lead 
one to question whether the non- 
reward of the incorrect response facil- 
itates the learning of the correct 


1 Unlike experimental extinction, nonrein- 
forcement of the incorrect response in the learn- 
ing of an instrumental act would not be an 
uninterrupted process because of the frequent 
occurrence of rewarded correct responses. It 
would also be relatively unmassed. 
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response. In the study by Denny no 
difference was found in the T-maze 
learning of two groups of rats given 
differential amounts of nonreinforce- 
ment of the wrong response and an 
equal amount of reinforcement of the 
correct response. However, Denny 
suggests that perhaps there was no 
evidence of a difference because (1) 
secondary reinforcing cues in the delay 
boxes which were present just prior to 
the occurrence of the nonreinforce- 
ment may have offset the effect of the 
subsequent nonreinforcement, and (2) 
the nonreinforcement differential be- 
tween the two groups was too small. 
Assuming that the analyses of 
Spence and Hull are correct, the pres- 
ent experiment has been designed to 
determine the effect of nonreinforce- 
ment of the incorrect response under 
conditions in which secondary rein- 
forcement is better controlled and the 
ratio of the amount of nonreinforce- 
ment in one group to the amount of 
nonreinforcement in the other group 
islarge. When two groups that receive 
equal reinforcement of the correct 
response and unequal nonreinforce- 
ment of the incorrect response are 
compared, the hypothesis is that the 
group receiving the greater amount of 
nonreinforcement will learn faster, 
especially if secondary reinforcement 
of the wrong response is minimized. 


EXPERIMENTAL PROCEDURE 


A pparatus.—The apparatus used was a simple 
T-maze which consisted of a starting box, a com- 
bination stem and choice-point section, three 
interchangeable delay boxes, and two end-boxes. 
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The roofs of the starting box, stem, choice-point 
section, delay boxes and goal boxes were wood, 
glazed screen, translucent glass, window screen, 
and hardware cloth, respectively. The trans- 
lucent glass arrangement at the choice point 
allowed E to follow the path of S through the 
choice point without allowing S to receive visual 
cues from the external environment. The 
window-screen roofs of the delay boxes were 
painted in such a way to allow some light to 
enter the box and still reduce extramaze visual 
cues. The sides of all alleys and boxes were 
1 ft. high. 

Guillotine-type doors were placed at the exit 
of the starting box, at the choice point, and at 
each end of the delay boxes. The door at the 
choice point was T-shaped and was designed to 
prevent S from retracing its path once a choice 
had been made. 

The starting box, stem, and choice-point sec- 
tion were all painted grey, while the end-boxes 
were differentially constructed. The positive 
goal box was trapezoidal in shape, white in color, 
and was floored with smooth sheet metal. The 
negative end-box was square, black, and floored 
with }-in. hardware cloth. 

Two of the delay boxes were painted grey, 
while the third was painted black and was floored 
with }-in. hardware cloth to correspond to the 
negative goal box. The window-screen roofs of 


the grey boxes were painted white, whereas the 


black delay-box roof was painted black. Imme- 
diately in front of the entrances to the delay boxes 
a black curtain was suspended to prevent S from 
receiving cues from the delay boxes while at the 
choice point. 

Illumination was furnished by a 40-w. goose- 
necked lamp placed immediately above the stem 
so that it illuminated the interior of the stem and 
the choice point. A mirror suspended at an 
angle over the choice point allowed E to follow S 
through the choice point while he controlled the 
doors from his position behind the starting box. 

Subjects —The Ss were albino rats from the 
rat colony of the Department of Psychology of 
Michigan State College. The ages of the ani- 
mals at the beginning of training varied from 120 
to 150 days. A total of 62 animals were used of 
which 17 were males and 45 females. 

Preliminary training—Beginning one week 
prior to the experiment, all Ss were fed 8 gm. of 
Purina Dog Chow per day at the hour of the day 
that they were to be run in the experiment. 
Two days prior to the learning series each group 
was run in a straight alley maze consisting of the 
starting box, one of the grey delay boxes, and one 
of the two goal boxes. On each of the two days, 
these preliminary trials consisted of three trials 
to the white goal box with food and"two trials to 
the black goal box with no food. Thus, the pre- 
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liminary training consisted of a total of ten trials 
of which six were rewarded and four were non- 
rewarded. 

Experimental and control conditions.—The ex- 
perimental conditions, X-1 (N = 23) and X-4 
(N = 19), were designed to control or eliminate 
secondary reinforcement of the incorrect response 
as much as possible. This was accomplished by 
using the black delay box followed by the black 
end-box, and the grey delay box followed by the 
white positive goal box. : The animals in the 
Group X-l received three trials per day, of which 
one was nonreinforced and two were reinforced. 
Group X-4 received six trials per day, of which 
four were nonreinforced and two were reinforced. 
Thus, each group received an equal number of 
reinforced trials, and an unequal number (4:1 
ratio) of nonreinforced trials per day. 

The control group K-4 (N = 20) was run 
under conditions designed to produce secondary 
reinforcement in both delay boxes. This was 
accomplished by using the grey delay boxes inter- 
changeably on both sides of the choice point on 
both the reinforced and nonreinforced trials. It 
was assumed that both grey delay boxes, which 
were used in both the preliminary training and in 
the training series in conjunction with the white 
positive goal box, would acquire secondary rein- 
forcing properties by virtue of being associated 
with the white box and also through stimulus 
generalization. Thus, on the nonreinforced 
trials in which S was delayed in the grey delay 
box prior to entry into the negative black end- 
box, secondary reinforcement could operate to 
reinforce the wrong response, and thus possibly 
slow down the learning of the correct response. 
Other than for this control, Group K-4 was 
treated in all respects the same as Group X-4. 

The Ss were assigned at random to the three 
groups. 

Specific daily procedure.—On trial 1 of day 1 of 
the learning series, each S was given a free trial 
which was always followed by entry into a nega- 
tive end-box and was thus nonreinforced. Each 
S was thereafter trained positively to the side 
opposite this first choice. This first response is 
also included in the performance measure for the 
first day’s set of trials. In Groups X-4 and K-4 
the first two trials were free-choice. On the third 
trial, if S had not made a correct response, it was 
forced to the correct side by blocking off the 
wrong alley at the choice point. After the third 
trial each S was given free choices until it had 
completed either four nonreinforced trials or 
two reinforced trials. Any remaining: trials 
were forced. In the event S had made a correct 
response on one of the first two free-choice trials, 
it was continued on free trials until the comple- 
tion of either four nonreinforced or two rein- 
forced trials, and then it was forced. When the 
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first two trials gave correct responses, S was, of 
course, forced to the incorrect side on the remain- 
ing four trials. 

Group X-1 was also given two free-choice 
trials each day. In this group, for Ss that went 
wrong on the first trial, the forcing technique was 
modified for the second trial. This was neces- 
sary in order to have only one nonreinforced trial 
and still have a measure using the first two free 
trials of each day. Instead of inserting the forc- 
ing block at the choice point, the door to the de- 
lay box on the incorrect side was closed, and S 
was allowed to correct a partially wrong response 
and retrace its path to the correct side.? Cor- 
rected responses were, of course, recorded as in- 
correct. All other forced responses were handled 
in the same manner as in Groups X-4 and X-l. 
The criterion for having made a left or right 
response was contact between the rat’s nose and 
the curtain. 

All Ss were delayed 15 sec. in the delay boxes, 
and 30 sec. in the negative end-box. If S re- 
fused to enter the end-box on nonreinforced trials, 
it was removed from the delay box 60 sec. after 
the end-box door was opened. An S was removed 
if it refused to leave the choice point in 60 sec. 

Food reward consisted of one medium-sized 
pellet of Dickinson Dog Food, about .35 gm. 
At the end of each day Ss were fed 8 gm. of 
Purina Dog Chow in individual cages before 
return to the home cage. 

Each day Ss were selected at random from the 
home cage so that they were not run in the same 
order on succeeding days of experimentation. 
Each S was trained for nine days. 


REsULTS 


Learning measures.—The measures 
of learning were the numbers of cor- 
rect responses on the initial trial and 
on the first two trials of each day. 
The initial trial was used because it 
provides for equalization of the num- 
ber of previous food reinforcements, 
and because initial trials are not af- 
fected by the tendency towards spon- 


2 This procedure, if it introduces a new vari- 
able, biases the results against the hypothesis 
because (1) it gave Group. X-1 the same number 
of trials as Groups X-4 and K-4 in which the 
choice-point cues were the same as they were on 
the free-choice trials, and (2) this procedure was 
a form of corre:tion technique, and we know 
from the work ot Hull and Spence (4) that the 
correction method gives faster learning than the 
noncorrection method. 
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Fic. 1. Learning curves for complete groups 
based on the percentage of correct responses for 
the first two trials each day 


taneous alternation. The mean num- 
ber of correct responses on the first 
two trials of each day is, however, a 
more sensitive measure and gives a 
range of scores which is more suitable 
for statistical analysis. Since the rela- 
tionships revealed by these two meas- 
ures were found to be essentially the 
same, only the latter are reported here. 

Comparisons of learning.—The re- 
sults for the three groups based on the 
percentage of correct responses for the 
first two trials each day are presented 
in Fig. 1. These curves show clearly 
that Group X-4 learns considerably 
faster than Group X-1. On the last 
day of training, Group X-4 is respond- 
ing 87 per cent correctly, while Group 
X-1 has attained only 62 per cent cor- 


TABLE I 


Mean Numer or Correct RESPONSES ON THE 
First Two Triats Per Day 
For Days 2 To 9 
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rect responses. In Table I it may be 
seen that the over-all learning scores 
for the two groups, based on days 2 to 
9, are significantly different. The 
mean difference of 3.21 correct re- 
sponses is significant between the .01 
and .02 levels of confidence (t = 2.63). 

Comparison of Group X-l and 
Group K-4 in Fig. 1 shows that the 
learning curves are not as widely sep- 
arated as are those of Groups X-1 and 
X-4. However, the mean difference 
between these groups for days 2 to 9 
is 2.04 correct responses, which is sig- 
nificant between the .05 and .10 levels 
of confidence (t = 2.04). These find- 
ings agree with our expectations. As 
predicted, there is a clear-cut differ- 
ence between Groups X-4 and X-1, in 
favor of X-4, and the difference be- 
tween Groups K-4 and X-l is smaller 
and less significant. 


An examination of the learning curve for 
Group X-1 in Fig. 1 reveals a rapid rise in per- 
formance on day 2, followed by a sudden fall 
on days 3 and 4. The high score on the second 
day in Group X-1 may possibly be explained by 
the fact that all Ss in this group were consistently 
reinforced to the correct side on the last two trials 
of the first day, whereas most Ss of Groups X-4 
and K-4 could have received secondary reinforce- 
ment of the wrong response by way of the delay 
box for the last two trials. The decrease in per- 
formance in Group X-l may possibly be ex- 
plained by the fact that any rewarding property 
originally possessed by the negative delay box 
extinguishes much more slowly than in Group 
X-4 because there is only one nonreinforcement 
to that side per day. 


Comparisons of learning and strength 
of initial preference-—On the first trial 
of the first day of the regular training 
series, each S was given a free choice 
in order to establish a position prefer- 
ence, and each S was subsequently 
trained opposite to this preference. 
Inasmuch as each S was also given a 


3 The data for the first day are excluded be- 
cause the variable of differential nonreinforce- 
ment did not operate until after the first day of 
experimentation. 
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Fic. 2. Learning curves for subgroups with a 
strong position preference to the incorrect side 
as based on the first two trials each day 


free choice on the second trial, it was 
possible to estimate the relative 
strength of the preference. Those Ss 
going left-left or right-right on the 
first two trials were designated as hav- 
ing a strong position preference, and 
those Ss going left-right or right-left 
on the first two trials were designated 
as having a weak position preference. 
In this manner each of the three 
groups, X-4, X-1, and K-4, was di- 
vided into two subgroups of strong or 
weak preference, and a comparison of 
learning for each of the subgroups was 
made. 

The results for the three subgroups 
with strong position preference are 


TABLE II 


Comparison oF SuBGROUPS WITH A STRONG 
Position PREFERENCE IN TERMS OF THE 
Mean Numser or Correct Responses 

ON THE First Two Triats Per Day 
For Days 2 to 9 
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given in Fig. 2 and Table II. The 
learning curves reveal that the X-4 
subgroup learned considerably faster 
than the X-1 subgroup with strong 
preference. On the ninth day the X-4 
subgroup attained 90 per cent correct 
responses, while the X-l subgroup 
reached only 55 per cent correct re- 
sponses. The K-4 subgroup falls 
between these two. The difference 
between the X-4 and X-1 subgroups is 
significant beyond the .01 level of con- 
fidence, and the difference between 
the X-1 and K-4 subgroups is signifi- 
cant between the .02 and .05 levels of 
confidence. These findings fully sup- 
port those based on the entire groups. 
It should also be noted that the decre- 
ment in performance of Group X-1 on 
days 3 and 4, as observed in Fig. 1, 
does not occur in the subgroup com- 
posed of Ss with a strong position 
preference. 

One of the more obvious and signifi- 
cant findings inthis preference anal- 


ysis is that the X-1 subgroup with the 
strong position preference to the wrong 
side is definitely retarded in the learn- 
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Fic. 3. Learning curves for subgroups with a 
weak position preference to the incorrect side as 
based on the first two trials each day 
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TABLE III 


ComPaARISON oF SuBGROUPS WITH A WEAK 
Position PREFERENCE IN TERMS OF THE 
Mean Numser or Correct RESPONSES 
FOR THE First Two Triats Per Day 
ror Days 2 to 9 
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10.58 
11.67 
11.40 




















ing of the correct response. Con- 
trariwise, the X-4 subgroup with 
strong position preference shows a 
great deal of improvement and reaches 
a slightly higher performance level 
than the X-4 subgroup with weak posi- 
tion preference (see Figs. 2 and 3). 
This seems to indicate that in order 
for a strong, incorrect habit to be 
replaced by an originally weak habit 
within a limited number of trials, it is 
necessary that there be available a 
certain minimum number of nonrein- 
forced trials of the wrong habit to pro- 
vide for its extinction. 

The curves for the three subgroups 
with weak position preference based 
on the percentage of correct responses 
on the first two trials are presented in 
Fig. 3 and show no clear-cut differ- 
ences as a function of reinforcement- 
nonreinforcement schedule. Also, the 
curves show great variability. Noted 
again is the large decrement early in 
performance in the X-1 subgroup. 

The means through learning are 
shown for these subgroups in Table 
III. None of the differences in this 
table is significant at better than the 
.50 level of confidence. These results 
clearly indicate that the degree of po- 
sition preference plays a significant 
role in determining the differential 
effects of the three training schedules 
in the present experiment. 

The position preference subgroup 
data pose the question as to what is 
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the relationship between speed of 
learning or final level of performance 
and the strength of the initial response 
tendency as measured by the direction 
of the initial responses in a T-maze 
situation (see Figs. 2 and 3). In the 
light of the Group X-4 data it appears 
that training against a strong prefer- 
ence will not necessarily require more 
trials than training against a weak 
preference, as current learning theory 
would predict. More research in this 
direction would seem to be warranted. 


Discussion 


The significant difference in learning 
obtained between the complete groups 
receiving unequal amounts of nonrein- 
forcement of the incorrect response 
and equal reinforcement of the correct 
response indicates that nonreinforce- 
ment of the incorrect response in a 
simple differential response situation 
is an important factor in the learning 
of the correct response. The fact that 
both groups which received four non- 
reinforcements per day learned signifi- 
cantly better than Group X-1 seems 
to indicate that secondary reinforce- 
ment does not appreciably counteract 
the effects of subsequent nonreinforce- 
ment, at least under the temporal and 
stimulus conditions employed in the 
present study. In this context it 
should be pointed out that in Groups 
X-4 and X-1, in which the delay boxes 
were made differential, the differences 
between the boxes were not striking. 
Both boxes were the same size and 
shape and possibly indiscriminably 
different in brightness, since one was 
grey and the other black, with little 
light entering either box. The main 
difference was probably in the tactual 
impressions from the floor, but under- 
the-surface floor-cues were uncon- 
trolled. In other words some Ss of 
Group X-4 may have received secon- 
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dary reinforcement for wrong re- 
sponses by way of stimulus generali- 
zation for a considerable number of 
trials. Also, for all groups, cues at the 
choice point were uncontrolled and 
could have served to reinforce wrong 
responses secondarily. All this means 
that, despite the symmetrical proper- 
ties of the maze, nonreinforcement 
to the incorrect side is a significant 
variable. 

It also seems probable that what- 
ever cues are distinctive in the total 
maze situation may acquire the prop- 
erty to mediate nonreinforcement. 
After a number of days of training, 
any secondary reinforcing value (posi- 
tive expectancy) possessed by the cues 
on the.wrong side seems to extinguish. 
In turn, these cues seem to acquire 
negative expectancy or inhibitory 
value. This hypothesis is based on 
the typical recoil behavior of Ss in 
Group X-4 on the trials to the wrong 
side late in the learning series. 

Furthermore, the X-4 Ss who were 
performing near the 100 per cent cor- 
rect level early in the learning series 
showed characteristic behavior on 
being forced to the incorrect side. 
These Ss attempted to climb out of 
the maze at the choice point, ran back 
and forth in the stem, and upon finally 
entering the negative goal box, imme- 
diately tried to climb out. This frus- 
tration-type behavior and the fact 
that the intertrial interval was 15 min. 
or more may be considered as evidence 
against interpreting the inhibitory or 
extinguishing properties of the non- 
reinforced trials as due to reactive 
inhibition. Rather, it is suggested 
that a frustration drive state produced 
by repetitive nonreinforcement makes 
S avoid the cues on the wrong side and 
also makes possible the reinforcement 
of a response which avoids those cues; 
that is, provides additional reward for 
a response to the correct side. Sucha 
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state of affairs would account for the 
faster learning in Groups X-4 and K-4. 

The present findings support the 
hypotheses of Hull (2, 3) and Spence 
(5, 7) which assign decremental or 
inhibitory properties to nonreinforce- 
ment, and more specifically support 
Spence’s contention (5) that nonrein- 
forcement is largely ineffective unless 
considerable response tendency is 
available to be inhibited. They are 
also in full agreement with the finding 
of Spence and Hull (4) that the correc- 
tion technique gives faster learning 
than the noncorrection technique of 
maze training. With the correction 
method a rat may receive both non- 
reinforcement of the incorrect response 
and reward of the correct response on 
the same trial. 

Our findings confirm Denny’s (1) 
earlier suggestion that his failure to 
demonstrate the beneficial effects of 
nonreinforcement of the incorrect re- 
sponse may have resulted from the low 
nonreinforcement differential between 
his two groups. In the earlier study 
one group received two reinforced and 
four nonreinforced trials per day, and 
the other group received two rein- 
forced and two nonreinforced trials 
per day.’ Therefore, the ratio was 2 
to 1 as compared to the 4-to-1 ratio 
in the present study, and the group 
which had the fewer number of non- 
reinforced trials in the earlier study 
received two nonreinforcements per 
day as contrasted to the one nonrein- 
forcement per day given Group X-l 
in the present study. Because the 
learning curve for Group X-1 is abnor- 
mally depressed (see Figs. 1 and 2), 
it is very likely that the crucial factor 
in showing that nonreinforcement is 
an important variable was the use of 


only one nonreinforcement instead of 


two. 
Another likely reason for the differ- 
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ence between the two studies is the 
possibility that fewer Ss in the earlier 
study were being trained against a 
strong incorrect position preference. 
As evidence in support of this inter- 
pretation, the per cent correct re- 
sponses on the first two trials of the 
first learning day was approximately 
20 per cent lower in the present study. 

It is also true that secondary rein- 
forcement in the delay box was uncon- 
trolled in Denny’s study, but we see 
from the present results that this fac- 
tor only partially negated the influence 
of nonreinforcement. 


SUMMARY AND CONCLUSIONS 


The experiment was designed to 
test the hypothesis that, with constant 
reinforcement of the correct response, 
an increase in amount of nonreinforce- 
ment of the incorrect response in the 
learning of a simple T-maze by rats 
results in faster learning. An attempt 
was made to evaluate the influence of 
secondary reinforcement in this rela- 
tionship. 

Differential response learning, in 
addition to being a function of the 
number of reinforcements, was also 
shown to be a function of the number 
of nonreinforcements of the incorrect 
response. 

With an increase in the strength of 
the preference for the incorrect re- 
sponse, there is an increased effect of 
the nonreinforcement of the incorrect 
response in accelerating the learning 
of the correct response. 

If secondary reinforcement of the 
incorrect response precedes nonrein- 
forcement of the incorrect response, it 
acts as a slight deterrent to the learn- 
ing of the correct response. With 
better control of secondary reinforce- 
ment this effect might be made more 
noticeable. 
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The effects of nonreinforcement are 
interpreted in terms of a frustration 
drive state. 


(Manuscript received April 20, 1950) 
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